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(54) Method and tire adapted for post cure tire uniformity correction 



(57) The present invention relates to a tire construc- 
tion and method of correcting one or more tire uniformity 
characteristics, A tire (300) has two beads (802) and a 
carcass reinforcement ply (820) having reinforcement 
cords (821 ). The method is characterized by the steps of 

A) fonming a portion of the tire with a material (typ- 
ically a thermoplastic), that can be rendered plastic 
(such as by heating) and rendered non-plastic 
(such as by cooling), which, in turn, respectively, 
permits and restricts reorientation of the reinforce- 



ment cords (821): 

B) rendering the material plastic, after the tire ha s 
been vulcanized, to permit one or more of the re in- 
forcement cords to be reoriented ; 

C) reorienting one or more reinforcemen t cords with 
respect to other reinforcement cords or tire compo- 
nents; and 

D) rendering the material n on-plastic, to restrict fur- 
ther reorientation of adjacent reinforcement cords. 
Reorientation of the cords can be achieved without 
stretching them beyond their elastic limit. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] Attention is directed to commonly-owned, co- 5 
pending PCT/US 99/24283 and PCT/US99/24449. both 
filed October 18, 1999. 

[0002] This application also relates to copending ap- 
plication (Attorney's Docket No. DN2000-039) entitled 
TIRE AND METHOD FOR CORRECTING TIRE UNI- w 
FORMITY THEREOF, filed concurrently herewith. 

TECHNICAL FIELD OF THE INVENTION 

[0003] The invention relates to con-ecting unifonnity is 
characteristics of a cured pneumatic tire. 

BACKGROUND OF THE INVENTION 

PNEUMATIC TIRES 20 

[0004] Figures 1A and 1B illustrate an exemplary 
pneumatic tire 1 00 of the prior art. The tire 1 00 includes 
a pair of annular, substantially inextensible beads 102 
and 104, each of which is disposed within a respective 25 
bead portion 106 and 108 of the tire 100, a generally 
cylindrical tread portion 110, a relatively inextensible 
belt structure ("belts") 112 disposed within the tread por- 
tion 110, and sidewall portions 114 and 116 extending 
between opposite sides 1 1 0a and 1 1 0b of the tread por- 30 
tion 110 and respective ones of the bead portions 106 
and 1 08. The tire 1 00 has a section height SH measured 
from an edge of the bead portion 1 06 (or a nominal rim 
diameter) to an outer diameter of the tread portion 110. 
The tire 1 00 has an inner surface 118 and an outer su'r- 35 
face 119. An inner liner (not shown) is typically disposed 
on the inner surface 118 of the tire 100. 
[0005] At least one carcass reinforcing member 120 
(also refen-ed to as a "ply") extends between the two 
beads 102 and 104, within the carcass of the tire 100. 
The ply 120 has a central (middle) portion 120a which 
is disposed between the two beads 102 and 104, and 
has two opposite end portions ("turn-up' ends) 1 20b and 
1 20c. each of which wrap around a respective one of 
the beads 1 02 and 1 04 and extend radially back toward -^s 
the tread portion 11 Oof the tire 100. The tire 100 further 
typically includes bead filler apexes 122 and 124 dis- 
posed atop respective ones of the beads 1 02 and 1 04 
and extending radially outwardly therefrom. 
[0006] The tire 100 has an axis of rotation (not so 
shown), an outer diameter which is twice (2x) a radius 
dimension between the axis of rotation and the tread 
surface, and an inner diameter which is (2x) the radius 
dimension between the axis of rotation and an inner 
edge of the bead portion. An equatorial plane "EP" for S5 
the tire 1 00. is defined as a plane which is perpendicular 
to the tire's axis of rotation and passing through the cent- 
er of the tread portion 1 1 0. or midway between the tire's 
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beads 102 and 104. A radial direction (orientation) is in- 
dicated by the arrow 1 30. and a lateral (or axial) direction 
(orientation) is Indicated by arrows 132. 
[0007] The at least one ply 120 of the tire is at least 
one layer of rubber coated ply cords. Ply cords are typ- 
ically fomned of cotton, rayon, nylon, polyester or other 
man-made synthetic or textile cord which are capable 
of exhibiting permanent changes in physical properties 
upon application of load or heat, or of fiber glass, metal 
wire or the like, the physical properties of which are rel- 
atively non-changeable upon application of load or heat. 
Commonly-owned US-A- 4,654,253 (Brown, et al.; 
1987) and US-A-4,763.468 (Brown, et al.; 1988) dis- 
close high strength greige woven fabrics particulariy 
suitable for use as a tire reinforcement component, 
wherein a cord may comprise at least two optimally 
drawn polymeric yarns. 

[0008] Generally, there are three basic types of pneu- 
matic tires -"bias", "bias/beiled" and "radial" - each type 
essentially being defined by the orientation of the cords 
within the at least one ply (120). 

[0009] In the bias (or "cross-ply") tire, the cords of the 
reinforcing ply extend diagonally across the tire from 
bcad-to-bcad, typically at an angle of between 25 and 
40 degrees with respect to a centerline of the tire. The 
cords run in opposite directions in each successive re- 
inforcing ply layer, resulting in a criss-cross pattern of 
cords. 

[0010] In the bias/belled tire, as in the bias tire, the 
cords extend diagonally across the tire, from bead-to- 
bead, typically at an angle of between 25 and 45 de- 
grees with respect to the centerline of the tire, and the 
cords run in opposite directions in each successive ply. 
A cord-reinforced "belt" structure is disposed in the tread 
portion of the tire, and the belt cords typically have an 
angle of between 20 and 35 degrees with respect to the 
equatorial plane of the tire. 

[0011] In the radial tire, the plies of reinforcing cords 
are parallel and extend transversely from bead-to-bead. 
That is. the parallel cords are substantially perpendicu- 
lar to the direction of tire travel. 

[0012] A cord-reinforced belt structure is disposed in 
the tread portion of the tire, and is composed of several 
layers of cords disposed nearly parallel (10 to 30 de- 
grees) to the circumference of the tire. The bell structure 
acts to restrict the reinforcing plies. Increased sidewall 
bulging is characteristic of radial tires. 

TIRE MANUFACTURING PROCESS 

[0013] As is disclosed in commonly-owned EP-A- 0 
522468, in a typical tiro manufacturing process, an inner 
liner is disposed on a generally cylindrical tire building 
drum (or mandrel). At least one carcass reinforcing 
member ("ply", compare 120) is disposed over the inner 
liner. Next, bead rings (compare 102, 104) are disposed 
over the reinforcing ply. and ap x rubber (compare 1 22, 
124) is applied over the beads. Next, a tum-up bladder 
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or the like, such as is disclosed in US-A- 5,407,521 (Fal- 
vard: 1 995). is activated to turn-up the two opposite end 
portions (compare 120b, 120c) of the ply (and, option- 
ally, inc inner liner) around the bead rings. Next, sidewall 
rubber is added, and the resulting tire "carcass" is 
shaped into what is generally its ultinnate toroidal form. 
Tread rubber and. optionally belts or breakers and 
chafers, may then be added to the construction, and the 
rcsul'.ing "green" tire can be inserted into a mold wherein 
it is ncatcd for a period of time (e.g., approximately 
1 0-30 minuics) at an elevated temperature (e.g., at least 
approximately 120 degrees Celsius, such as approxi- 
mately 1 50 degrees Celsius) to "cure" or "vulcanize" the 
rubber components of the green tire. During the molding 
process tread patterns are typically impressed into the 
tread rubber and designs, lettering and the like may be 
formed in the sidewall rubber of the tire. In some cases, 
tires are retained in the mold until they have become 
subslaniialty cooled down. More often, tires are re- 
moved from the iiiuld without a cooling period, and are 
allowed to coo dcwn(cg to ambient temperature) out- 
side of the mold nuCbc ts a poor conductor of heat and 
the thick tread portion irc I res continue to vulcanize 
for a period af:cf rcmov.ii Iron the molds. 

UNIFORMITY CHARACTERlST CS 

[0014] After a i ro i«. rtS.s.^mrtiol And at least partially 
cured, the tire is ryptrafty irMo:! lor one or more uniform- 
ity charactensiics "L nitormity" is defined herein as what 
a "perfect" or "ideal* lire would yield for a certain meas- 
ured charactensiic when tested during rotation. "Uni- 
formity characicnstiC" is acimod herein as a deviation in 
those certain character stcs from what the perfect tire 
would yield during icsimq 

[0015] As is evident mc pneumatic tire is a somewhat 
complicated construciicn of various materials which is 
difficult to manufacture wi:h perfect consistency, from 
tire-to-tire, inconsistencies m materials, in the place- 
ment of the materials cn the building drum, and other 
process variables wiH contribute to both dimensional 
and dynamic variations from tire-to-tire. 
[0016] General'y ri cimcnstonal non-uniformity is a 
deviation from poiect roundness of the outer circumfer- 
ence of the lire (a icriHirvc y inc outer circumference of 
the tire being round Dut cft ccn:er with respect to the 
tire's axis of rotaliun) i-:"0 ri UyrMrnic non-uniformily is 
a condition which m-ifTi'ciii I'.bc f in the tire's ability to 
react forces at diffcrcni ori-:?niritions of the tire. 
[0017] Sources of sucn tire non-uniformities may in- 
clude one or more o' mc following: 

a. The tread, sidewrili and innerliner are stored on 
long rolls in the "green" state and are assembled 
into a tire in the green stale While in the green state, 
during storage and :iro building rubber can deform. 
Therefore the green rubber lire components may 
not remain uniformly thick before curing. 
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b. The beads may defomn non-uniformly, since they 
incorporate a green mbber matrix and are held in 
position by a deformable green rubber matrix. 

c. Before curing, the position of the ply within the 
5 tire is fixedly held by the surrounding green rubber. 

If the green rubber defomis, the ply's position may 
be displaced. 

d. Where the ply is spliced (overlapped on the build 
drum), it is doubled over itself, and stiffer than the 

10 remainder of the ply. 

e. The ply cords may not be laid onto the building 
drum with uniform straightness and tension, and the 
two beads may not be positioned perfectly parallel 
(relative to each other) over the ply on the building 

15 dnjm. 

f. In the mold, cord shrinkage and carcass inflation 
may cause the cords to slip around the beads, but 
spliced portion(s) of the ply may tend to slip less 
than unspliced portion(s). 

20 g. ir the belt and tread are not positioned symmet- 
rically over the green carcass, the green tire, and 
hence the cured tire, will not be uniform. The nom- 
inally cylindrical belt package may also be some- 
what conical. 

25 h. If the green tire is not positioned symmetrically 

within the mold, the cured tire will not be uniform, 
i. In the mold, the inflated bladder tensions (stretch- 
es) the ply outward, and the ply's nylon or polyester 
fibers shrink when heated, thus tensioning the ply 

30 further. Under tension, the ply slips around the 
bead, possibly lo a different extent at different loca- 
tions around the bead, and a splice slips around the 
bead least. 

j. In the mold, the rubber can "lock up" (stiffen cur- 
35 ing) around the ply at different times at different lo- 
cations, thus causing non-uniform ply stress. 

TIRE UNIFORMITY f^EASUREMENT 

•^0 [0018] The degree of dimensional and/or dynamic 
uniformity in a tire may manifest itself in the tire's ability 
to run smoothly and vibration free, as well as in the "han- 
dling" of the tire. Therefore, after a tire is manufactured, 
and before it is sold, it is typically tested for tire uniformity 
characteristics. A variety of tire uniformity measuring 
(testing) machines (apparatuses) are known and are de- 
scribed, for example, in US-A- 4,171,641, 4,458,526, 
5,022.186 and 5,103,669. 

[0019] A typical tire unifomnity testing process, and 
50 representative results obtaining therefrom, are present- 
ed in US-A- 5,385,781 (Rhyne; 1994; hereinafter re- 
ferred to as the '781 Patent). (See also related US-A- 
5,616.859 and 5.458,176). 

[0020] As described in the '781 Patent, an initial force 
55 variation of an uncorrected tire, as tested, may be graph- 
ically illustrated to represent corresponding electrical 
signals from a tire uniformity tester. The force variation 
as a function of circumferential position on the tire, as 
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represented by a waveform, may be decomposed into 
a series of desired harmonic waveforms. The harmonic 
waveforms are determined in a computer by a Fourier 
analysis of the radial force variation wavefomn sens d 
during rotation of the tire on the tire unifomnity tester 
The analysis and wavefomns are stored in the computer 
and referenced to a particular tire. US-A-3.739,533 also 
describes known techniques for measuring lateral and/ 
or radial force variations in a pneumatic tire. 
[0021] Figure 2A is a graph illustrating a "composite- 
waveform (force variation cun^e) 202 such as may be 
generated by a tire uniformity tester (not shown), for a 
particular tire (not shown) being tested. The horizontal 
axis represents the circumferential position (from 0 to 
360 degrees) on the tire being tested. The vertical axis 
represents the amplitude of a measured radial force var- 
iation, in any suitable units such as decaNewtons (daN). 
The composite wavefomn 202 is representative of the 
"raw" data from the lire uniformity tester and, as is evi- 
dent, there is a variation in radial force as a relatively 
complex function of circumferential position on the tire. 
The composite wavefomn 202 can, in a computer (not 
shown) be decomposed into a series of any desired 
number of "harmonic" wavcfomns by employing a Fou- 
rier analysis of the composite waveform. 
[0022] Figure 23 is a graph similar to the graph of Fig- 
ure 2A, and illustrates a first (1 st), a second (2nd) and 
a third (3rd) harmonic of the composite waveform 202 
of Figure 2A. The first harmonic waveform comprises a 
single sine wave (between 0 and 360 degrees), the sec- 
ond harmonic waveform comprises two sine waves (be- 
tween 0 and 360 degrees), the third hanmonic wavefonm 
comprises three sine waves (between 0 and 360 de- 
grees) and, generally the "Nth" harmonic" comprises N 
sine waves between 0 and 360 degrees. Together these 
constituent harmonic waves, weighted by their respec- 
tive amplitudes, substantially constitute the original 
composite measured wavefomi when added together. 
[0023] Returning to Figure 2A, a low amplitude on the 
composite wavefomn 202 represents a "soft spot" on the 
tire. Two such soft spots 210 and 212 are identified on 
the waveform 202. Similarly a high amplitude on the 
composite waveform 202 represents a "hard spot' on 
the lire. One such hard spot 214 is identified on the 
waveform 202. A peak-io-peak magnitude between the 
soft spots and the hard spot(s) is indicative of a uniform- 
ity characlerislic of the tire, and may be used as an input 
parameter for tire uniformity correction, which is dis- 
cussed in greater detail herein below. For example, as 
shown in Figure 2A, there is approximately a 7 daN 
peak-to-peak variation between the soft spot 210 and 
thG hard spot 214. Similar high and low amplitude force 
measurements are evident on the hamnonic waves illus- 
trated in Figure 2B, are similarly indicative of tire uni- 
formity characteristics, and may also be used as input 
parameters for tire uniformity correction. 
[0024] Generally if the unifomnity characteristic of the 
tire has a magnitude which is less than a predetermined 



relatively low minimum threshold magnitude, which is 
deemed not to be detrimental to a vehicle ride or pro- 
duce undesirable vibrations in the vehicle, the tire may 
be shipped to a customer. If the unifomnity characteristic 

5 magnitude is greater than a predetermined relatively 
high maximum threshold magnitude, the tire may be 
scrapped. If the unifonmity characteristic magnitude is 
between the relatively low minimum threshold magni- 
tude and the relatively high maximum threshold magni- 

10 tude, the tire may be suitable for correction. 

[0025] Various analytical methods may be employed 
to determine whether the tire needs to be (and can be) 
"corrected" - in other words, its unifonmity improved - 
based on detenminations of: 

15 

a. the peak-io-peak value of the harmonic wave- 
form or of the composite wavefomn (as discussed 
herein above with respect to Figures 2A and 2B): 

b. the first and second derivatives of radial and lat- 
eral waveforms (force variation curves), as com- 
pared with predetermined specifications (thresh- 
olds) (see. e.g.. US-A- 5,639,962): or 

c. the mean or root-mean-square of a low-band fil- 
tered variation function (sec. e.g., US-A- 
4.702.103). 
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TIRE UNIFORMITY CORRECTION 

[0026] Techniques for correcting lire unifomnity can be 
30 grouped into two general categories - "grinding", and 
"without grinding". 

[0027] Grinding techniques typically involve grinding 
of tread rubber aoout the outer circumference of the tire 
at a selected location and up to 180 degrees about the 

35 outer circumference of the tire. Grinding of the tire can 
contaminate a tire plant environment, reduce the useful 
tread life of the tire or may render the tire visually unap- 
pealing. Examples of grinding techniques and method- 
ologies may be found in US-A- 3T39.533. 3.848,368, 

-^0 3.946.527. 4.736.546, 4,173,850. 4.536.054, 
4,458.451. 4.458,451, 4.095,374, 5,022.186, 
3.848.368. 3.880.556, 3,948,004. and WO-A- 
98/05937. 

[0028] A number of techniques for correcting (e.g. , im- 
•*5 proving, altering) tire unifonmity without grinding are 
known, as follows. 

[0029] US-A- 2,963,737 (Soderquist; 1 960) discloses 
a machinefortire manufacture (post inflation). A method 
is described for preventing ply shrinkage and conse- 

50 quent lire distortion and cracked tread rubber in tires 
with nylon and synthetic plies. After vulcanizing at 
315-350 degrees Fahrenheit, the tiro is rimmed up at its 
beads (not supported by its tread to avoid distortion) and 
post-inflated at 50-60 psi while rotating (to avoid uneven 

55 cooling) at 1 0-20 rpm and being sprayed until it cools to 
200 degrees Fahrenheit. 

[0030] US-A- 3,039,839 (Waters, et al.; 1 962) disclos- 
es a method of making tires, and addresses issues of 
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tire shrinkag and distortion caused by shrinkage of ny- 
lon ply cords when rennoved from a mold without first 
being allowed to cool. As mentioned therein, when nylon 
cord tires are removed hot from the mold, the nylon cord 
in the tire plies tends to shrink and distort the tire from 
its molded shape. It is disclosed in this patent to narrow 
the bead set (bead spacing when on a tire building drum) 
to stretch the cords during molding. Then, upon removal 
of the hot tire from the mold, the tire is promptly mounted 
on an inflating rim, and retained inflated until it cools to 
below the nylon cord's shrinkage temperature of about 
200 degrees Fahrenheit. This overcomes the objection- 
able shrinkage of cords in the tires, and an objectionable 
tire growth when the tires are run in service. 
[0031] US-A- 3,389,193 {Hughes; 1968) discloses 
method and apparatus for shaping a deformed tire. The 
tire is heated in'an oven to about 135 degrees Fahren- 
heit, and is then passed to a "tire shaping machine" 
where the uninflaled lire is supported vertically on its 
tread by circumferentially spaced rollers (from below). 
Four idler pressure rollers (from above) apply pressure 
in a direction to cause the tread to buckle inwardly while 
rotating. 

[0032] US-A- 3,464,264 (French; 1969) discloses a 
pneumatic tire run-in machine for removing temporary 
casing distortions, including flat spots. The tire is inflat- 
ed, suspended and rotated within a plurality of rollers 
arranged around a circle with at least one of the rollers 
driving the tire. The small diameter of the rollers increas- 
es tire distortion and generates a large amount of heat, 
without requiring an external heating apparatus. 
[0033] US-A- 3.529,048 (Kovac. et al.; 1968) disclos- 
es a method for processing of pneumatic tires wherein 
a tire is conditioned after being removed from the vul- 
canizing mold and before cooling to ambient tempera- 
ture by applying a load, such as a radial load, to the tire 
tread while the tire is inflated and at the same time rel- 
atively moving the load along the tire, such as by rotating 
the tire, to cause deflection (alternate stressing and re- 
lieving of tire cords) along successive circumferential in- 
crements, all around the circumference of the tire. The 
conditioning steps are begun as quickly as possible, not 
more than within a few minutes, after the tire is removed 
from the mold, and the tire is conditioned tor a time pe- 
riod of from one to two times the duration of the vulcan- 
izing mold cycle, and the inflation pressure of the lire 
during conditioning is preferably of the general order of 
the service pressure of the lire. The exterior load on the 
tire being conditioned may be a radially inwardly direct- 
ed radial load applied to the outside circumference of 
the tire. Alternatively, the exterior load may be a lateral 
load against the sidowall of the tire. Alternatively, the ex- 
terior load may be an oblique load (having radial and 
lateral force components) against the tire tread, shoul- 
der or sidewalk The conditioning steps help obtain a 
more uniform tension in the tire cords while the curing 
or vulcanizing process continues while the hot tire is be- 
ing cooled after removal from the mold. As noted In the 



patent, it is believed that the tire conditioning process 
may have one or more of the following actions on the 
hot lire for improving the unifomrtity of the tire. "First, the 
aforementioned tire cords [cotton, rayon, nylon, polyes- 

5 ter, or other man-made synthetic or textile cord] capable 
of exhibiting permanent changes in physical properties 
upon application of load and heat are alternatively 
stretched by the toad and relaxed while hot to make gen- 
erally uniform the stress in the fibers thereof .... Second, 

10 any of the separate plies or belt of the tire cords in the 
tire may move relative either to the other plies or belt or 
to the surrounding rubber to make uniform the stresses 
therebetween. Third, different portions of any kind of tire 
cord in any bell or ply may move relative to each other 

15 or to portions of suaounding rubber to make generally 
uniform the stresses in the cord in the tire even though 
the cord does not permanently change its physical char- 
acteristics." (column 2. line 72 through column 3, line 
18). 

20 [0034] US-A- 3.632,701 (Devitt. el al.: 1972) disclos- 
es conditioning of tires to improve uniformity. Excessive 
radial force variations in a tire can be reduced by heating 
alt or part of a tire while supported vertically and posi- 
tioned so that the area of maximum force is located in 

25 the top quadrant of the tire. A suitable source such as a 
pot heater, rubber kiln or infrared heat may be used for 
healing. An elevated temperature (e.g.. 150-280 de- 
grees Fahrenheit) is maintained for a period of time (e. 
g., 60 minutes) while the tire is inflated to a pressure of 

30 0-50 psi. The technique is applicable to nearly all types 
of tires including radial, belted bias, and bias tires con- 
taining rayon, nylon or polyester cords. 
[0035] US-A 3.635.61 0 (Hall, et at.; 1 972) discloses a 
tire conditioning apparatus for removing flat spots and 

35 other surface irregularities from tires preliminary to* re- 
capping or truing them. Stress-producing conditions, in- 
cluding varying rates of cure applied after initial curing 
in the mold, the weight of a vehicle at rest, and the weight 
of tires pressing against other tires in a stack of tires, 

•^0 may cause flat spots and surface irregularities in the 
tires. An uninflated tire is rotated, healed, and pressed 
by a pressure roll assembly which has for its function 
flexing the tire and kneading it to work out the flat spots 
and surface irregularities in the lire. 

•f5 [0036] US-A- 3.725.163 (Hofelt. Jr.: 1973) discloses 
a method of improving performance characteristics of 
pneumatic tires. Radial and lateral force variations are 
reduced by applying a small amount of material to por- 
tions of the tread area. This patent describes an exem- 

50 piary apparatus for measuring these force variations 
and is exemplary of a number of patents involving the 
addition of material to a tire to improve a unifomnity char- 
acteristic thereof. 

[0037] US-A- 3,838,142 (Hochstein; 1974) discloses 
55- a procedure for correcting radial force variation in pneu- 
matic tires using ionizing radiation of high energy elec- 
trons. A load drum is forced at normal operating load 
against the tread surface of an inflated rotating tire, and 
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a force transducer measures the magnitude of force 
against the drum. The radiation source irradiates sec- 
tions of the tread body and/or side walls which exert low 
force to increase their ply modulus of elasticity in those 
sections. The irradiation is done concun^ently with the 5 
measuring. 

[0038] US A- 3,865.527 (McGhee. et al.; 1975) dis- 
closes tire conditioning and truing apparatus which 
"conditions" a tire to remove flat spots by heating its 
sidcwalls while it is uninflated and rotating. See also re- io 
latod US-A- 3.945.277 (McGhee. et al.; 1976). 
[0039] US-A- 3.872.208 (Brown, et al.; 1975) disclos- 
es corrective heating of pneumatic tires. Radial force 
variation of a cured tire are reduced by selectively heat- 
ing the inncrimer (from inside the tire) in an area adja- '5 
cent to excessive radial force variation for a predeter- 
mined time or lo reach a predetermined temperature 
(typically 225-240 degrees Fahrenheit). The tire mount- 
ed on a support flange (not a rim) by its bead, is unin- 
flated. and IS positioned vertically with the heated por- 20 
tion positioned upwa-d See also related US-A- 
3,880.556 (Drown ci al 1975). 

[0040] US A 4 420 453 (Doi. el al.; 1984) discloses 
apparatus for mcac-unng lire uniformity. A tiro is re- 
moved from Iho rro»c hold uninf latod until it cools to 149 2S 
degrees Celsius rind trion post :nflaled until cooled to 
below 90 degrees Celsius while being supported solely 
by its bead edQo*; Thip hIIows the cord modulus to in- 
crease dramaliCrtiry before mfunng. and reduces the 
tendency for sidcwaii w^vlncss as compared with a tire 30 
which is post-inflated onmcdiatoly after molding. 
[0041] US-A- 5 06D 5lO(Rosseau; 1991) discloses a 
method of correctmq vr^riarions in radial force between 
a tire and the ground The correction is effected by 
means of wedges in :hc form of circular rings placed be- 35 
tween the mounting rrr nnd the beads of the tire. The 
thickness of the wedge at various positions around the 
tire, is related to the measure of force variation. 
[0042] US-A- 5.365 781 (Rhyne: 1994; 781 Patent) 
discloses tire uniformity correction without grinding. A -to 
tire is tested for unifomry and an electrical signal is gen- 
erated, as described hcrcn aoove. 
[0043] Then, lire uniformty is corrected by stretching 
at least a portion o* ai toasi one carcass reinforcing 
member beyond its ciastc tmit for a predetermined -fs 
lime, thereby pemnancniiy ocforming the at least one, 
and preferably mariy carcrtbi* reinforcing members, ei- 
ther by inflating the lire 10 a significantly raised pressure 
or by mechanical means The stretching results in a per- 
manent tengihentng (elongation) of thecarcass reinforc- so 
ing member by a predetermined amount in the range of 
0.1 to 2 or 3 percent and a: a location which are a func- 
tion of the measured unrfomity characteristic. The tech- 
niques are generally apolicabio to correcting a uniform- 
ity characteristic in a cured lire. As noted in the '781 Pat- 55 
ent, materials of the carcass reinforcing member(s) 
such as nylon and polyoslo'- are readily adaptable to cor- 
r ction by the present invention. Matenals such as pol- 
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yester, steel, Kevlar (tm) and rayon are not as easily per- 
manently elongated and may require higher pressure or 
longer hold time. Selected ones of the techniques for 
uniformity correction set forth in the '781 Patent are dis- 
cussed herein below with respect to Figures 3. 3 A. 4, 5 
and 6. 

[0044] Figures 3A and 3B (comparable to FIG. 8 and 
FIG. 9, respectively of the 781 patent) illustrate a tire 
being corrected for uniformity, according to a technique 
such as is described in the 781 Patent. 
[0045] The tire 300 (compare 1 00) includes a pair of 
annular inextensible beads 302 and 304 (compare 102 
and 104), each of which is disposed within a respective 
bead portion 306 and 308 (compare 1 06 and 1 08) of the 
tire 300. and includes a generally cylindrical tread por- 
tion 310 (compare 110). (optionally) a bett structure 
("belts") 312 (compare 112) disposed within the tread 
portion 310, and sidewall portions 314 and 316 (com- 
pare 114 and 116) extending between opposite sides 
310a and 310b (compare 110a and 110b) of the tread 
portion 310 and respective ones of the beads 302 and 
304. The tire 300 has a section height SH. an equatorial 
plane EP and an axis of rotation A. An inner liner (not 
shown) is disposed on the inner surface 318 of the lire 
300. The tire has an outer surface 319. 
[0046] At least one carcass reinforcing member 320 
(or "plyV compare 1 20) extends between the two beads 
302 and 304, through the carcass of the tire. The car- 
cass reinforcing member 320 has a central portion 320a 
(compare 120a) which is disposed between the two 
beads 302 and 304. and has two opposile end portions 
("turn-up" ends) 320b and 32Gc (compare 120b and 
120c). which wrap around a respective one of the beads 
302 and 304 and extend radially back toward the tread 
portion 310 of the tire 300. The tire 300 may further in- 
clude bead filler apexes (not shown, compare 122 and 
124) disposed atop respective ones of the beads 302 
and 304 and extending radially outwardly therefrom. 
[0047] In a tire which has cooled down after being 
molded the turn-up ends 320b and 320c are. for pur- 
poses of tnis discussion of a tire unifomiity correction 
technique, essentially 'attached" to a respective one of 
the beads 302 and 304 and. as will be described in 
greater detail herein below, the central portion 320a of 
the carcass reinforcing member 320 is essentially "at- 
tached" to the belt structure 312. 

[0048] Relevant portions of a tire uniformity correction 
machine (apparatus) are shown and described, as fol- 
lows. as well as a technique for performing uniformity 
correction. 

[0049] The tire 300 is mounted to a rim-like structure 
comprising two rim halves 322 and 324. The bead por- 
tions 306 and 308 engage the rim halves 322 and 324 
in an airtight manner so that the tire 300 can be inflated. 
[0050] Restraint rings 332 and 334 engage sidewalls 
314 and 316, respectively, of a tire 300 with different ax- 
ial displacements D1 and D2, respectively, to impart a 
different radius of curvature R1 and R2. respectively, to 
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portions of the carcass reinforcing member 320 (best 
viewed in Figure 3A) in each of th sidewalls, approxi- 
mately halfway between a respective bead and the bett 
structure 312. As best viewed in Figure 3B, the restraint 
ring 332 deflects the sidewall 314 of the tire 300 from 
an undeflected configuration (shown in dashed tines) 
axially inwardly (toward the opposite sidewall of the tire). 
The sidewall-contacting surfaces of the restraint rings 
332 and 334 may be rounded to avoid sharp edges be- 
ing in contact with the sidewalls 314 and 316, respec- 
tively, of the tire 300. Each restraint ring 332 and 334 
has a radial length of engagement LEI (best viewed in 
Figure 3B) with the sidewall 314 of the tire 300 which is 
a relatively small percentage (I.e. less than 25%) of the 
section height SH of the tire 300. The restraint rings 332 
ard 334 may each preferably have a flat or planar sur- 
face 332a anc 334a. respectively, urging against a re- 
spccnvc sidewall 314 and 316 of the tire 300, for use in 
ccricction of n first harmonic or composite of radial force 
wnUfiUur Of 111 correction of conicity. 
[0051] With the restraint rings 332 and 334 fixed in 
pincc ard with the s»dewalls 314 and 316 deflected, as 
sr-own :hc lire 300 is inflated with a relatively high in- 
fUiiion pressure (INF^TION PRESStJRE), such as 1 00 
poundc DOf square inch (psi) or 7 bars. This will create 
H load in tro carcass reinforcing member 320 thereby 
strcichirq boyond its elastic limit and permanently de- 
fo-minrj iho carca<;s reinforcing member 320 by an 
amount nnd at a location which are functions of the 
measured unilormity characteristic, resulting in a per- 
manent icnglhonng (elongation) of thecarcass reinforc- 
ing member ic ihorooy conrect (improve) the unifomnity 
characlonsttc of the lire 300. A belt restraint ring 336 
(omiiicd from !ho view of Figure 3B) may be optionally 
provided in contact with the tread portion 310 to coun- 
teract the rctaiivciy high inflation pressures so that the 
belt structure 312 is not excessively expanded in the cir- 
cumferential djrcclion. 

[0052] As best viewed in Figure 3B, the carcass rein- 
forcing member 320 has an upper end point 320d at 
which load in the carcass reinforcing member is trans- 
mitted to the belt structure 312 of the tire 300. and has 
a lower end point 320e in the area of the bead 302. at 
which load in the carcass reinforcing member 320 is 
transmined to the bead 302 of the tire 300. The radius 
of curvature R2 in a maximally restrained portion of the 
lire 300 corresponding to displacement D2 is significant- 
ly less than radius of curvature R1 in the minimally re- 
strained portion of the tire corresponding to displace- 
ment D1. Different radii of curvature provide different 
tension values in respective carcass reinforcing mem- 
bers (320). 

[0053] As best viewed in Figure 3A, with the restraint 
rings 332 and 334 in place and with the relatively high 
inflation pressure acting upon the sidewalls 314 and 316 
of the tire 300, it is apparent that the original or unre- 
strained radius of curvature R1 of th carcass reinforc- 
ing member 320 has changed and becomes a relatively 



smaller radius of curvature R2. (The larger radius of cur- 
vatur R1 occurs at locations of minimum restraint 
around the tire 300 with a planar surface restraint ring.) 
Physically, the smaller radius R2 of portion of the car- 

5 cass reinforcing member, when the interior of the tire 
300 is subjected to the relatively high inflation pressure, 
will not be permanently elongated the same amount as 
the unrestrained portion of the carcass reinforcing mem- 
ber 320 having the relatively larger radius of curvature 

10 Ri . Generally, for a given inflation pressure, a larger ra- 
dius of curvature of a portion of the carcass reinforcing 
member results in a relatively higher tension acting on 
that portion of the carcass reinforcing member The 
higher tension in portions of the carcass reinforcing 

15 member 320 generally results in a relatively greater 
elongation above the elastic limit of thecarcass reinforc- 
ing member 320 which results in its permanent elonga- 
tion. 

[0054] The '781 Patent discloses a number of varia- 
20 tions on and applications for the technique and appara- 
tus described herein above, some of which are de- 
scribed herein below with respect to Figures 4, 5 and 6. 
For example, when the first harmonic radial force vari- 
ation is caused by tire attributes othcrthan radial runout, 
25 it may be necessary to introduce a radial runout to re- 
duce the magnitude of the first harmonic radial force var- 
iation. For example, rather than having a flat planar sur- 
face 332a on the restraint ring (e.g., 332), the restraint 
ring may have a cupped segment extending, for exam- 
30 pie. over a 90 degree arc length of the restraint ring so 
as to provide nonlinear restraint to the sidewall of the 
tire. 

[0055] Figure 4 (comparable to FIG. 15 of the '781 
Patent) illustrates a tire being corrected for unifomnity, 

35 according to a technique such as is described in the '781 
Patent. This technique is generally similar to the tech- 
nique described with respect to Figures 3A and 3B. A 
tire 400 is essentially identical to the tire 300 in that it 
has a tread portion 410 (compare 310), a bead 402 

•*o (compare 302) in a bead portion 406 (compare 306), 
(optionally) a belt structure 412 (compare 312) in the 
tread portion 410. a sidewafi 414 (compare 314), an in- 
ner surface 41 8. and an outer surface 41 9. 
[0056] At least one carcass reinforcing member 420 

•^5 (compare 320) extends between the two beads of the 
tire 400, only one 402 of which is visible in Figure 4, 
through the carcass of the lire, and has a central portion 
420a (compare 320a) and two opposite end portions 
("tum-up" ends), one 420b of which is visible in Figure 

50 4. which wrap around a respective one of the beads 402 
and extend radially back toward the tread portion 41 0 of 
the tire 400. For purposes of this discussion, the tire 400 
is assumed to already have cooled down after being 
molded, in which case the carcass reinforcing member 

55 420 has an upper end point 420d (compare 320d) at 
which load in the carcass reinforcing member is trans- 
mitted to the belt structure 412 of the tire 400, and has 
a lower end point 420e (compare 320e) in the area of 
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the bead 402, at which load in the carcass reinforcing 
member 420 is transmitted to the bead 302 of the tire 
400. 

[0057] The tire 400 is mounted to a rim-like structure 
comprising two rim halves, a one 422 (compare 322) of 5 
which is visible in Figure 4. A restraining ring 432 (com- 
pare 332) having a flat surface 432a (compare 332a) is 
urged against the sidewall 414 of the tire 400, and has 
a radial length of engagement LE2 (compare LE 1 ) which 
is a relatively large (e.g., greater than 25%) percentage w 
of the section height (SH) of the tire 400, resulting in a 
radius of curvature R3 which is less than the initial (un- 
restrained) radius of curvature R1. in a manner simitar 
to the technique described herein above with respect to 
Figures 3A and 3B, an elevated air pressure (AIR '5 
PRESSURE) within the tire 400 provides the motive 
force for stretching the carcass reinforcing member 420 
beyond its elastic limit, resulting in its permanent e\on- 
galion. 

[0058] Figure 5 (comparable to FIG. 11 of the '781 20 
Patent) illustrates a portion of a carcass reinforcing 
member 520 (compare 420) of a tire (not shown, com- 
pare 400) being corrected for uniformity. As in the pre- 
vious examples, the carcass reinforcing member 520 
(compare 420) has an upper end point 520d (compare 25 
420d) which is essentially "attached" to the belt structure 
(not shown), and a lower end point 520e (compare 
420e) which is essentially "attached" to one of the beads 
(not shown) of the tire. 

[0059] In this example, a sidewall of the tire, hence 30 
the carcass reinforcing member 520, is restrained at 
two radiaily-separated locations, one location 542 be- 
ing near the tire's belt (and adjacent the point 520d) 
the other location 544 being near the tire's bead (and 
adjacent the point 520e). This dual-location restraint is 35 
effectuated by a restraint device 530 comprising two 
portions 532 and 534 that contact the sidewall of the 
tire at the two radialty separated locations 542 and 544. 
respectively. 

[0080] The two portions 532 and 534 of the restraint •*o 
device 530 are spaced apart from one another. There- 
fore, the sidewall of the tire has an unrestrained length 
"UL" which will be deflected by the inflation pressure (IN- 
FLATION PRESSURE) during correcting. The restraint 
device 530 allows the carcass reinforcing member 520 -^s 
to have a deflection and a radius of curvature R4 which 
is smaller than the initial unrestrained radius of curva- 
ture R1 under the influence of the inflation pressure. The 
carcass reinforcing member 520 is shown as a dashed 
line 520* prior to inflation, and as a solid line after infia- so 
tion. 

[0061] The restraint device 530 may be sized so that 
the unrestrained length UL varies circumferentially 
around the tire. In this manner, the carcass reinforcing 
member(s) 520 may be permanently elongated during 55 
inflation a greater amount where the unrestrained length 
UL has a larger dimension. 

[0062] Figure 6 (comparable to FIG. 17 of the '781 



Patent) illustrates a tire being corrected for uniformity, 
according to a technique such as is described in the 
781 Patent. This technique differs from the techniques 
described herein above with respect to Figures 3, 3A. 
4 and 5 in that the carcass reinforcing member 620 
(compare 520) is stretched by mechanical means rath- 
er than by restraining the sidewall(s) of the tire and in- 
flating the tire to a significantly raised pressure. Nev- 
ertheless, the stretching results in a comparable per- 
manent lengthening (elongation) of the carcass rein- 
forcing member 620. 

[0063] The tire 600 is essentially identical to the tire 
400 in that it has a tread portion 610 (compare 410), a 
bead 602 (compare 402) in a bead portion 606 (compare 
406), (optionally) a belt structure 612 (compare 412) in 
the tread portion 610, a sidewall 614 (compare 414), an 
inner surface 61 8, and an outer surface 61 9. 
[0064] At least one reinforcing (or "carcass") ply 620 
(compare 420) extends between the two beads of the 
tire 600, only one 602 of which is visible in Figure 6. For 
purposes of this discussion, the tire 600 is assumed to 
already have cooled down after being molded and, as 
in the previous examples, the carcass reinforcing mem- 
ber 620 has an upper end point 620d (compare 420d) 
which is essentially "attached" to the belt structure 612, 
and a lower end point 620e (compare 420e) which is 
essentially "attached" to one 602 of the beads of the tire 
600. 

[0065] A mechanical means 630 for stretching and 
permanently elongating the carcass reinforcing member 
620 comprises the following elements: 

a. elements 632 and 634 (compare 422) which hold 
the bead portion 606 of the tire 600; 

b. an element 636 which holds the tread portion 610 
of the tire 600: and 

c. an element 638 which pushes axially outwardly 
on the sidewall 614 of the tire 6O0. 

[0066] The tire 600 is shown with the element 638 
stretching the sidewall 614 of the tire 600 axially out- 
wardly to elongate and permanently deforni the carcass 
reinforcing member, as discussed herein above. The 
pre-stretched carcass reinforcing member 620 is illus- 
trated by the dashed line 620'. The force applied by the 
element 638 to the sidewall 6 1 4 of the tire 600, to deflect 
the sidewall 614 and stretch the carcass reinforcing 
member 620, is directed parallel to the axis of rotation 
of the tire at a position on the inside surface of the side- 
wall 614 which is approximately halfway between the 
bead 602 and the belt structure 61 2. Therefore, the force 
is substantially "nomnal" (e.g., at 90 degrees) to the sur- 
face of the sidewall (or radial with respect to the curva- 
ture of the sidewall, as distinguished from radial with re- 
spect to the tire's axis of rotation). It is disclosed in the 
'781 Patent (see, e.g. FIG. 19 and related discussion 
therein) that, in an alternate embodiment of stretching 
the carcass reinforcing member by a mechanism, me- 
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chanical stretching of th carcass reinforcing m nnber 
beyond its elastic limit can be accomplished by radially 
(with respect to the tire's axis of rotation) stretching the 
carcass reinforcing member between Its upper 620d 
and lower 620e attachment points, such as by moving 
the lower attachment point 620e radially inward and the 
aaachment point 620d radially outward. It is also dis- 
closed in the '781 Patent that stretching the carcass re- 
inforcing members could be accomplished by a combi- 
nation of mechanical stretching and by inflation pres- 
sure stretching. 

[0067] There have thus been described a number of 
techniques for coaecting tire uniformity. Generally, in ail 
of the techniques describe herein above with respect to 
Figures 3A, 3B, 4, 5 and 6, tire unifonnity correction may 
be achieved only by stretching a carcass reinforcing 
member (e.g., the cords of the ply) beyond its elastic 
limit, thereby permanently defomiing and elongating the 
carcass reinforcing member. This may reduce the ply's 
strength, fatigue resistance, and adhesion to the rubber. 
Also, the forces required to pemnanently deform the car- 
cass reinforcing members, whether applied by pressure 
or by mechanical devices, will exert tremendous stress 
on the beads. More generally, it should be appreciated 
that it is generally undesirable to stretch an elastic mem- 
ber to the point where it permanently deforms, since this 
may adversely affect the elastic member's subsequent 
ability to exert and/or react forces - in other words, to 
act in an elastic mode in a predicabte manner. (Consid- 
er for example, the case of a stretched out elastic waist- 
band on a gannent.) In a worst case, the elastic member 
may be stretched to the point that it breaks, rendering it 
essentially useless. 

[0068] Another nuance of the stretching/deforming 
techniques described herein above with respect to Fig- 
ures 3A. SB, 4. 5 and 6 is that the tire (e.g., 300) must 
first be cooled down from the molding process sufficient- 
ly that the carcass reinforcing member (e.g., 320) is es- 
sentially attached at its ends (e.g., 320d and 320e) be- 
tween the belt (e.g.. 312) and the bead (e.g.. 302) and 
can be stretched and deformed between those two 
ends. 

[0069] Another nuance of the stretching/deforming 
techniques descnbed herein above with respect to Fig- 
ures 3A. 3B, 4. 5 and 6 is that a lire which has been 
corrected in such a manner may be required to sit for a 
period of lime ("sil period"), for example twenty four 
hours, sufficient to take into consideration any viscoe- 
lastic relaxation that occurred in the tire after correction, 
after which time period it may be necessary to re-test 
the tire for unifonnity. 

[0070] As mentioned above, cords of a carcass rein- 
forcing member (ply) may be made of a variety of ma- 
terials, including nylon, polyester ste I. Kevlar (tm) and 
rayon. According to the '781 Patent, the stretching/de- 
forming techniques disclosed therein are not as readily 
adaptable to correcting tires with steel (metal). Kevlar 
(tm) and rayon cords. 



[0071] What is therefore needed is a technique for tire 
uniformity correction, without grinding, which does not 
permanently deform the cords of a carcass reinforcing 
member beyond their elastic limit, which can be utilized 
5 on tires having any of a variety of cord materials, which 
can possibly be performed on a "hot" tire (one which has 
not completely cooled down from the molding process) 
and which does not require a "sit period". 

10 BRIEF DESCRIPTION OF THE INVENTION 

[0072] It is an object of the present invention to pro- 
vide methods and apparatuses for correcting one or 
more unifonnity characteristics of a pneumatic tire by 
*5 changing the tension characteristics of the tire under 
normal inflation. 

[0073] The present invention relates to a tire construc- 
tion and method of correcting one or more tire uniformity 
characteristics. The lire has two beads and a carcass 

20 reinforcement ply having reinforcement cords. The 
method is characterized by the steps of A) forming a por- 
tion of the tire with a material that can be rendered plas- 
tic and rendered non-plastic, which, in turn, respectively 
permits and restricts reorientation of the reinforcement 

^5 cords; B) rendering the material plastic, after the tire has 
been vulcanized, to permit one or more of the reinforce- 
ment cords to be reoriented; C) reorienting one or more 
reinforcement cords with respect to other reinforcement 
cords or components; and D) rendering the material 

30 non-plastic, to restrict further reorientation of adjacent 
reinforcement cords. Reorientation of the cords can be 
achieved without stretching them beyond their elastic 
limit. 

[0074] The material can be a thermoplastic, in which 

35 case, it is rendered plastic by being heated above its 
deflection temperature, and rendered nonplastic by 
cooling below its deflection temperature. It is possible 
to heat selected portions of the tire to pemnit reorienta- 
tion of reinforcement cords, for example in response to 

•^0 measured lire uniformity characteristics. Reorientation 
of cords can include the cords slipping with respect to 
the bead. Reorientation of cords can be achieved 
through applying a force to the tire's sidewall, such as 
through inflating the tire above its recommended oper- 

•^5 ating pressure and restraining the force at different lo- 
cations as a function of measured uniformity data. The 
material's deflection temperature is preferably less than 
190 degrees C and preferably over 121 degrees C. The 
thermoplastic material can be disposed between the 

so bead and an adjacent portion of the carcass reinforce- 
ment ply, such as in the form of a layer extending around 
the bead. Alternatively, the thermoplastic material can 
comprise a portion of the tire's apex or a portion of the 
bead's matrix that encases bead's steel filaments. 

55 [0075] Other objects, advantages and features of the 
invention will become apparent in light of the following 
descriptions thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0076] Reference will be made in detail to preferred 
embodiments of the invention, examples of which may 
be illustrated in the accompanying drawing figures. 
The figures are intended to be illustrative, not limiting. 
Although the invention is generally described in the 
context of these preferred embodiments, it should be 
understood that it is not intended to limit the spirit and 
scope of the invention to these particular embodi- 
ments. 

[0077] Certain elements in selected ones of the draw- 
ings may be illustrated not-to-scale, for illustrative clar- 
ity The cross-sectional views, if any, presented herein 
mAy DC in the lorm of "slices", or "near-sighted" cross- 
scciionfil views, omitting certain background lines which 
would otherwise be visible in a true cross-sectional view, 
fo' illusiralfvc claniy. 

[0078] Elements of the figures are typically numbered 
rtt fy lowb Trie nxjst significant digits (hundreds) of the 
reference number corresponds to the figure number. El- 
ements of r igurc 1 are typically numbered in the range 
of 100 1D0 Elements of Figure 2 are typically numbered 
in the range of 300 299. Similar elements throughout the 
drnw ngz rr\\y oc referred to by similar reference numer- 
als For oxr^moic the element 199 in a figure may be 
similar anc pcsstoly identical to the element 299 in an- 
otnor figure In some cases, simitar (including identical) 
otcmonis may bo referred to with similar numbers in a 
single drawing For example, each of a plurality of ele- 
ments 199 may bo referred to individually as 199a. 
199b 199c etc Such relationships, if any, between sim- 
ilar elcmcnis in the same or different figures will become 
apparent throughout the specification, including, if ap- 
plcablc. in the claims and abstract. 
[0079] The structure, operation, and advantages of 
the present preferred embodiment of the invention will 
become further apparent upon consideration of the fol- 
lowing description taken in conjunction with the accom- 
panying drawings, wherein: 

Figure 1 A is a cross-sectional view of a pneumatic 
tire of the prior art; 

Figure IB is an enlarged view of a portion of the 
pneumatic tire of Figure 1A; 

Figure 2A is a graph illustrating a "composite" wave- 
form such as may be generated by a lire uniformity 
tester, for a tire being tested, according to the prior 
art: 

Figure 2B is a graph illustrating "hamnonic" wave- 
forms of the composite waveform shown in Figure 
2A, according to the prior art; 

Figure 3A is a cross-sectional view of a tire being 
acted upon by a uniformity correction apparatus of 
the prior art; 

Figure 38 is a cross -sectional view of a portion of 
the tire of Figure 3A being acted upon by a uniform- 
ity correction apparatus of the prior art; 



Figure 4 is a cross-sectional view of an alternate 
embodiment of a prior art technique for correcting 
tire unifomriity; 

Figure 5 is a schematic representation of an alter- 
5 nate embodiment of a prior art technique for cor- 

recting tire unifonmity; 

Figure 6 is a cross-sectional view of an altemate 
embodiment of a prior art technique for correcting 
tire uniformity; 

10 Figure 7A is a cross-sectional view of a section of 
a tire having a ply cord reoriented to a more curva- 
ceous shape to correct tire uniformity characteris- 
tics after being partially cured, according to the in- 
vention; 

^5 Figure 78 is a cross-sectional view of a partial sec- 
tion of the tire of Figure 7A showing a ply cord reo- 
riented to a less curvaceous shape to con-ect the 
lire unifomriity characteristics after being partially 
cured; 

20 Figure 8 is a cross-sectional view of a post cure uni- 
formity apparatus for correcting a unifonnity char- 
acteristic of a tire, according to the invention: 
Figure 9 is a cross-sectional view of a bead portion 
of the tire of Figure 8, according to the invention; 

25 Figure 1 0 is a cross-sectional view of a bead portion 
of a pneumatic tire, before correction, according to 
an embodiment of the invention: 
Figure 1 1 A is a cross-sectional view of a bead por- 
tion of a pneumatic tire, before correction, accord- 

30 ing to an embodiment of the invention: 

Figure 1 1 B is a cross-sectional view of the bead por- 
tion of the pneumatic tire of Figure 11 A. after uni- 
formity correction, according to the invention; 
Figure 1 2 is a cross-sectional view of a bead portion 

35 of a pneumatic tire, according to another embodi- 
ment of the invention; and 

Figure 1 3 is a cross-sectional view of a bead portion 
of a pneumatic tire, according to another embodi- 
ment of the invention. 

40 

DEFINITIONS 

[0080] The following tenms may be used throughout 
the descnotions presented herein and should gener- 
•^5 ally be given the following meaning unless contradict- 
ed or elaborated upon by other descriptions set forth 
herein. 

[0081 J "Axial" and "axially" refers to directions that are 
on or are parallel to the tire*s axis of rotation. 
50 [0082] "Bead" refers to that part of the tire comprising 
an annular, substantially inextensible tensile member, 
typically comprising a cable of steel filaments encased 
in rubber material. 

[0083] "Belt structure" or "reinforcement belts" or"belt 
55 package" refers to at least two annular layers or plies of 
parallel cords, woven or unwoven, underiying the tread, 
unanchored to the bead, and having both left and right 
cord angles in the range from 18 to 30 degrees relative 
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to the quatortal plane of the tire. 
[0084] "Circumferential" r fers to circular lines or di- 
r ctions extending along the perimeter of the surface of 
the annular tread perpendicular to the axial direction; it 
can also refer to the direction of the sets of adjacent cir- 
cular curves whose radii define the axial curvature of the 
tread, as viewed in cross section. 
[0085] "Conicity" refers to a dynamic non-uniformity 
which may exhibit itself as a tendency of a rotating tire 
to generate a lateral force regardless of the direction of 
rotation of the tire, and will manifest itself as a deviation 
from straight tracking of the tire. Conicity is typically ex- 
pressed in tenns of average lateral force generated dur- 
ing rotation in both directions of the tire. 
[0086] "Cord" refers to one of the reinforcement 
strands, including fibers or metal or fabric, with which 
the pties and belts are reinforced. 
[0087] "Dimensional non-uniformities" refers to asym- 
metries that are measurable when the tire Is at rest (stat- 
ic). 

[0088] "Dynamic non-uniformities" refers to asym- 
metries in rigidity that are manifested essentially only 
when the tire is centrifugally stressed while rotating. 
[0089] "Equatorial plane" refers to a the plane perpen- 
dicular to the tire's axis of rotation and passing through 
the center of its tread, or midway between the tire's 
beads. 

[0090] "Inflation" refers to the tire cold inflation pres- 
sure r quired for specific loads and speed conditions. 
[0091 ] "Inner liner refers to the layer or layers of elas- 
tomer or other material that form the inside surface of a 
tubeless tire and that contain the inflating gas or fluid 
within the tire, 

[0092] "Lateral" refers to directions parallel to the 
tire's axis of rotation. 

[0093] "Normal inflation pressure" refers to the spe- 
cific design inflation pressure at a specified load as- 
signed by the appropriate standards organization for the 
service condition for the tire. 

[0094] "Ply" refers to a cord-reinforced carcass rein- 
forcing member (layer) of rubber-coated radially de- 
ployed or otherwise parallel cords. 
[0095] "Pneumatic tire" refers to a laminated mechan- 
ical device of generally toroidal shape (usually an open- 
torus) having two beads, two sidewalls and a tread and 
made of rubber, chemicals, fabric and steel or other ma- 
terials. 

[0096] "Radial" and "radially" refers to directions per- 
pendicular to the tire's axis of rotation. 
[0097] "Radial force variation" refers to a dynamic 
non-unifomnity, and may be exhibited by a change in the 
force that a tire under constant nonnal load (i.e., a load 
that is perpendicular to the axis of the tire) exerts upon 
a smooth test surface, such as a roller, when the tire is 
rotated upon the test surface. 

[0098] "Radial ply tire" and "radial tire" refers to a belt- 
ed orcircumferentially-restricted pneumatic tire in which 
at least one ply has cords which extend from bead-to- 



bead are which are laid at cord angles at about a 90 
degree angle to the centerline of the tire. 
[0099] "Radial runout" refers to a dimensional non- 
uniformity, wherein the tread radius exhibits lack of sym- 

5 metry around its circumference (either out-of-round or 
not concentric around the tire axis). 
[0100] "Runout" refers to a difference between maxi- 
mum and minimum indicator readings as applied to: 
[0101] Radial wheel runout - The difference between 

10 the maximum and minimum measurements of the 
wheel bead seat radii measured perpendicular to the 
spin axis. 

[01 02] Lateral wheel runout - The difference between 
the maximum and minimum measurements parallel to 
J5 the spin axis on the inside vertical portion of the rim 
flange. 

[01 03] Radial tire runout - The difference between the 
maximum and minimum measurements on the tread 
surface and in a plane perpendicular to the spin axis 

20 while the tire is mounted on a true wheel. 

[01 04] Lateral tire runout - The difference between the 
maximum and minimum measurements parallel to the 
spin axis at the widest point of each sidewall of a tire on 
a true running wheel. 

25 [0105] "Section height" (SH) refers to the radial dis- 
tance from the nominal rim diameter to the outer diam- 
eter of the tire at its equatorial plane. 
[0106] "Sidewall" refers to the portion of a tire be- 
tween the tread and the bead. 

30 [0107] 'Tangential" and "tangentially" refer to seg- 
ments of circular curves that intersect at a point through 
which can be drawn a single line thai is mutually tan- 
gential to both circular segments. 
[0108] 'Turn-up end" refers to a portion of a carcass 

55 ply that turns upward (i.e., radially outward) from the 
beads about which the ply is wrapped. 
[0109] "Uniformity" refers to a measure of a tire's 
ability to run smoothly and vibration free. Sometimes 
measured as tire balance or radial and lateral force var- 

-fo iation. 

[0110] "Unifonnity characteristic" refers to the devia- 
tion of a newly molded tire from the ideal measures of 
radial runout, radial force variation and conicity. 

•^5 DETAILED DESCRIPTION OF THE INVENTION 
PRINCIPLE OF CORRECTING TIRE UNIFORMITY 
AFTER REMOVAL FROM THE TIRE MOLD 

[0111] In the past, each tire, upon removal from a con- 
50 ventional tire mold, yielded different uniformity charac- 
teristics, i.e. de,viationsfrom perfect dimensional and dy- 
namic uniformity. The deviations arc due to factors such 
as, the inconsistencies in materials, placement of the 
materials on the building drum, and other process vari- 
55 ables, as discussed hereinbefor . 

[01 12] The present invention is directed to novel man- 
ufacturing methods and tire constructions that can allow 
for corrections of a dimensional non-unifomnity, i.e. a 
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non-uniformity that is measurable when the tire is at rest, 
and/or a dynamic non-uniformity, i.e. a non-uniformity 
manifested only when the tire is rotating. 
[0113] In a "perfecr tire, the reinforcement cords in 
the carcass ply have a substantially uniform tension . Ba- 5 
sically, this uniform tension exits in the sections of the 
reinforcement cords of the carcass ply located in the 
sidewalls, of the tire and extends substantially between 
the tire beads and the tire breakers. For example, refer- 
ring to Figure 7A. the tire 700 of the present invention w 
has a tire carcass 701 , a tread portion 710, and a belt 
structure 712 between the tread portion 71 0 and the tire 
carcass 701 . The tire carcass 701 includes a tire car- 
cass reinforcement ply 720, a bead portion 706 having 
a bead 702, and a tire sidewall 714 generally extending i5 
between the tread portion 71 0 and the bead portion 706. 
The sidewall 71 4 has an inner surface 718 and an outer 
surface 719. The lire 700 outwardly appears like a 
"standard" off-the-shelf tire, such as a bias, bias/belted 
and radial tires, but is quite different in that the rubber 20 
matrix of the ply coating stock of the carcass reinforce- 
ment ply 720 is formed of a special material, discussed 
in more detail hereinafter, that selectively permits and 
restricts movement or reorientation of one or more rein- 
forcement members (cords) 721 of the tire carcass re- 
inforcement ply after the tire has been at least partially 
vulcanized or cured. 

[0114] The carcass reinforcement ply 720 includes a 
plurality of tire reinforcing cords 721 , which, in the case 
of a radial tire, are parallel and extend transversely from 30 
bead portion 706 to bead portion. The carcass reinforce- 
ment ply 720 has a central portion 720a and an end por- 
tion ("turn-up" end) 720b which wraps around a respec- 
tive one of the beads 702 and extends radially (with re- 
spect to the tire) back toward the tread portion 710 of 35 
the tire 700. The reinforcement cords are selected from 
the group comprising polyester, Kevlar (TM), steel, ray- 
on, and nylon. For purposes of this discussion, three 
"landmarks" (points of interest) are noted on the carcass 
reinforcing member 720: 40 

a point 720d adjacent the belt stnjcture 712: 
a point 720e at the radially-inwardmost point on the 
bead 702: and a point 7201 at the end of the carcass 
reinforcing member 720. 45 

[0115] The central porlion 720a of the carcass rein- 
forcing member 720 in the tire sidewall identified as 
720g is defined as the portion of the reinforcing mem- 
ber between the point 720d and the radially-inward- so 
most point 720e on the bead 702. For purposes of the 
following discussion, the point 720d is considered rel- 
atively fixed with respect to the belt structure 712. The 
point 720e is relatively free to be manipulated to move 
(e.g. , be displaced and/or slip) with respect to the bead 55 
702. 

[0116] When all of the reinforcing cords 721 in the 
section 720g have the same shape (curvature) and are 



of the same length as shown in Figure 7 A, the reinforce- 
ment cords in the tire carcass 701 have a substantially 
unifonm tension and the tire 700 is assumed to have per- 
fect uniformity characteristics. However, if the tire 700 
is not perfectly unifomn. we can assume that either the 
length or the curvature of the reinforcing cords 721 in 
the section 720g are not the same. For example, as 
shown in Figure 7A, it might be possible to correct cer- 
tain dimensional or dynamic non-uniformities of tire 700 
by permanently reorienting the ply line of certain rein- 
forcing cords 721 from their initial curvature (shown in 
solid line as 72 1 ) to a different ply line (shown in dashed 
line as 721'. The increased curvaceousness of cords 
721* causes an increase in the tension of those cords 
as compared to the less curvaceous cords 721 . 
[0117] In another example, as shown in Figure 7B, it 
might be possible to correct certain dimensional or dy- 
namic non-uniformiiies of tire 700 by permanently reo- 
rienting or reshaping the ply line of certain reinforcing 
cords 721 " from their initial curvature (shown in solid line 
as 721") to a straighter or less cun/aceous ply line 
(shown in dashed line as 72V"). The decreased curva- 
ceousness of cords 721 causes a decrease in the ten- 
sion of those cords relative to the more curvaceous 
cords 721". Prior to the present invention, once a tire 
was at least partrally cured in the tire mold, the conven- 
tional rubber did not allow for any permanent displace- 
ment or reorientation of the reinforcing cords with re- 
spect to each other or other tire components or material 
such as the beads or the sidewaUs without permanently 
stretching the reinforcing cords beyond their elastic limit. 
Therefore, until the present invention, there was no 
known tire construction or method to change the length 
or curvature of the ply reinforcing cords 721 in portion 
720g to adjust the cord tensions and thereby correct tire 
uniformity of an at least partially cured tire. According to 
the present invention, portions of the tire 700, particu- 
larly in the bead area 706, are formed with a material 
that selectively permits and restricts movement or reo- 
rientation of one or more reinforcement members 
(cords) of the tire carcass reinforcement ply with respect 
to other tire components after the tire has been at least 
partially vulcanized or cured. The material can be initial- 
ly regulated or controlled, after the tire has been at least 
partially vulcanized (cured), to permit portions of one or 
more ply reinforcement members or cords to be reori- 
ented and permanently relocated relative to olher ma- 
terials or components of the tire without permanently de- 
forming (stretching) the one or more reinforcement 
members beyond their respective elastic limits. 
[01 18] After the portions of one or more ply reinforce- 
ment members or cords arc reoriented and permanently 
relocated, the material is subsequently regulated to re- 
strict further reorientation of the reinforcement mem- 
bers. The relocation or reorientation of the cords, as dis- 
cussed below, results in a tire having improved uniform- 
ity characteristics as compared to tires constructed us- 
ing the prior art methods and constructions. The reloca- 
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tion or reorientation of th cords, as discussed befow, 
improves one or more uniformity characteristics of the 
tire under nomrial inflation pressure. 

APPARATUS FOR CORRECTING TIRE UNIFORMITY 

[0119] Figure 8 illustrates a relevant portion of a post 
cure uniformity (PCU) apparatus 822 for mounting a 
cured tire 800 that is being corrected to improve one or 
more uniformity characteristics. The PCU apparatus 
822 is provided for correcting, without grinding, one or 
more tire uniformity characteristics, such as, for exam- 
ple, radial force variation and radial runout. Only rele- 
vant portions of the apparatus are shown, for illustrative 
clarity. The PCU apparatus 822 Includes a "split rim" 824 
comprising two rim mounting halves 826a and 826b. 
The rim mounting halves 826a and 826b are substan- 
tially identical and include a frustroconical tire insert por- 
tion 828a, 828b, respectively, and a support base 830d, 
830b, respectively, disposed at the outwardly facing 
side of the insert portion. A cylindrical bead seat 832a, 
832b provided near the intersection of the frustroconical 
insert portions 828a, 828b and the support bases 830a, 
830b is adapted to provide a seat and airtight seal in 
conjunction with the wall of the frustroconical insert por- 
tions for the bead portions 806a, 806b of the tire 800. 
The bead portions include tire beads 802a, 802b re- 
spectively. 

[0120] An important aspect of the apparatus 822 is 
structure for reheating the tire being corrected. In the 
preferred embodiment, cylindrical induction coils 834a, 
834b are preferably located in the support bases 830a, 
830b, respectively, nearthe cylindrical bead seats 832a, 
832b, respectively. The coils 834a, 834b are powered 
with electric AC current to inductively heat the tire beads 
802a, 802b, respectively, when tire 800 is mounted on 
the PCU apparatus 822. Heat from the beads 802a, 
802b conductively heats the material surrounding the 
beads. Since rubber is a poor heat conductor, the heat 
is relatively localized around beads 802a, 802b and 
does not extend up the sidewalls 814a,814b to the re- 
gion of the tread portion 812. While the induction coils 
834a, 834b are shown in the support bases 830a, 830b 
below the cylindrical bead seats 832a, 832b, it is also 
within the terms of the invention to locale the induction 
coils at any desired location in the rims mounting halves 
826a, 826b as long as they are capable of healing beads 
802a, 802b as needed. The rim mounting halves 826a 
and 826b are constructed of a non-electrically conduc- 
tive material, such as plastic, so as not to interfere with 
the inductive field generated by the induction coils 834a, 
834b. It is understood, that pressurized air can be pro- 
vided into the cavity of the tire 800 through the split rim 
824, such as through an air inlet passage 836 which in 
turn is connected to a source of pressurized air through 
an air lin 838. The split rim 824 can be mounted to a 
shaft (not shown) which rotat s the two rim mounting 
halves 826a and 826b with a tire mount d thereon to a 
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desired location. 

[0121] The PCU apparatus 822 can also include at 
least one restraint ring 835a and typically additional re- 
straint rings such as restraint ring 835b which are 
5 brought into engagement with at least one correspond- 
ing sidewall 81 4a, 81 4b of tire 800. The number and 
shape of restraint rings 835a,835b is detemnined in ac- 
cordance with the type of correction desired, as dis- 
cussed in more detail hereinafter. The restraint rings 
10 835a, 835b are secured to base rings 837a.837b, re- 
spectively, which in turn have support arms 839. Each 
pivot element 843, respectively, is pivotally secured at 
a pivot point P that is suitably mounted upon a support 
shaft 845 operable by an actuator 847, such as an elec- 
'5 trical solenoid, a linear motor, a screw actuator, a step- 
per motor, a hydraulic ram, or the like, which can alter 
the position of the pivot point P inward or outward, as 
indicated by the two-headed arrows 849. The actuators 
847 can be operated by a programmable controller (not 

20 shown) which receives input data from the tire uniformity 
test machine (not shown). The PCU apparatus 822 can 
be a stand alone machine or incorporated with the tire 
uniformity test machine for a combination test and cor- 
rection operation. 

25 [0122] In the operation of a typical tire manufacturing 
facility, a uniformity measurement operation is usually 
performed on a cured tire 800 of the present invention, 
that has already cooled down after having been molded 
at an elevated temperature. The tire 800 is mounted on 

30 a test rim (or "spindle") of a conventional tire uniformity 
testing machine. Then the tire 800 is inflated and rotated 
with its tread urged against a rolling surface of aload 
drum. As the tire 800 rotates, force and/or displacement 
sensors sense variations in the force of the tire against 

35 the load drum and/or variations in a distance between 
the load drum and the test spindle (i.e.. their respective 
axes of rotation) These sensed variations are convert- 
ed to signals that are recorded as a function of the an- 
gular position of the tire 800, as discussed hereinbefore. 

-^0 The signals corresponding to the tire unifonnity charac- 
teristics requiring correction are sent in conjunction with 
the lire 800 on a conveyor belt (not shown) to the PCU 
apparatus 822 by conventional means such as compu- 
ter interfaces associated with a programmable control- 

•^5 ler (not shown) for operating the PCU apparatus. 

[0123] On the PCU apparatus 822, the tire 800 can 
be positioned between the two rim mounting halves 
826a and 826b, which are initially spaced axially apart 
from each other. Then by conventional means, such as 

so hydraulic actuators (not shown), the two rim mounting 
halves 826a and 826b are moved toward each other so 
that the lower rim mounting half 826b is brought into ax- 
ial engagement with the lower bead potions 806b and 
the upper rim mounting half 826a is brought into axial 

55 engagement with the upper bead potion 806a to secure- 
ly mount the tire 800. The tire 800 is then inflated with 
fluid pressure, such as air, to a pressure sufficient to se- 
curely seat the bead potions 806a and 806b against the 
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rim mounting halves 826a and 826b. Next, the beads 
802a, 802b are heated by coils 834a. 834b being pow- 
ered with electric AC current to inductively heat the 
beads 802a, 802b. respectively. The beads 802a. 802b 
are heated to a temperature that then conductively 5 
heats the material surrounding the beads to the deflec- 
tion temperature of the special material incorporated . 
as discussed in more detail below. 
[0124] Connection of the unifomnity characteristic is 
accomplished by permanently reorienting portions of io 
the one or more reinforcement cords 821 within the car- 
cass reinforcement ply 820 with respect to other com- 
ponents, such as other reinforcement cords or beads, 
without pemnanently stretching the one or more reori- 
ented reinforcement cords beyond their respective elas- is 
tic limits. The reorientation is done preferably by apply- 
ing relatively high inflation pressure to the interior of the 
tire for a predetermined time. Input parameters from the 
programmable controller are preferably used to deter- 
mine control parameters for the correction operation. 20 
The control parameters are known to the programmable 
controller before the correction operation is initiated. 
The input parameter of magnitude affects the determi- 
nation of control parameters such as deflection, time 
and pressure (or force) which are applied to the tire 800. 25 
The input parameter of the location of a soft spot affects 
the positioning of the tire 800 in the PCU apparatus 822. 
Other input parameters affecting the control parameter 
such as deflection, time and pressure applied to the tire 
800 include the type and properties of material of the 30 
carcass reinforcing member 821 . An example of prop- 
erties include diameter, pitch and number of filaments 
used in the carcass reinforcing member Materials of the 
carcass reinforcing member such as nylon, polyester, 
steel; Kevlar, and rayon are readily adaptable to con-ec- 35 
tion by the present invention. 

ALTERNATIVE EMBODIMENTS OF TIRES HAVING 
"PLASTIC" PORTIONS 

40 

[01 25] The present invention is directed to a number 
of new tire constaictions and a manufacturing appara- 
tus that can alter the unifonmlty characteristics of a tire, 
subsequent to its being cooled down, without grinding 
or adversely affecting the ply cords' ability to act elas- -'5 
tically. 

[0126] In a first embodiment, as show in Figures 9, 
a tire 900 has a bead portion 906 having a bead 902, 
and carcass reinforcement ply 920 ("reinforcement 
ply") having reinforcement cords 921 disposed in a ma- 50 
trix of a special ply coating material; i.e. wherein the 
special ply coating material selectively permits and re- 
stricts movement or reorientation of one or more rein- 
forcement cords 921 of the tire reinforcement ply 920 
after the tire has been at least partially vulcanized 55 
(cured). The special material is one that can be ren- 
dered plastic (deformable) and rendered nonplastic 
(nondeformable), which, in turn, respectively permits 



and restricts reorientation of the reinforcement cords 
921- In addition, an apex 905 adjacent to each bead 
902 can be constructed of the special material by itself 
or blended with some other curable rubber. The special 
material can be a thermoplastic material, such as a 
syndiotactic 1 ,2-polybutadiene SPBD as discussed 
below, and the curable rubber can be a conventtonal 
natural rubber or a high cis-1,2- polybutadiene. The 
thermoplastic material is plastic (malleable, flowable. 
deformable) above a "deflection" temperature and is 
non-plastic below the deflection temperature. For this 
application, the themnoplastic has a deflection temper- 
ature of preferably under 1 90 degrees C and preferably 
above 121 degrees C. An important aspect of a suita- 
ble thermoplastic material is that it is preferably co-cur- 
able with the surrounding rubber materials. That is, it 
cross bonds at its interface with the vulcanizable rub- 
ber while retaining the ability to exhibit its plastic prop- 
erties in the non-occured portion of its volume when it 
is above the deflection temperature. Also, the special 
material must be mechanically capable of withstanding 
the demanding conditions of an automobile or truck 
tire. 

[0127] As discussed above, the tiro is tested on a tire 
uniformity testing machine (not shown) using conven- 
tional means, and the magnitude of the u n if onnity char- 
acteristics such as conicity and radial force variation, 
are compared to acceptable threshold limits. If the tire 
has a uniformity characteristics magnitudes within a pre- 
detemnined range that is considered correctable, the tire 
is forwarded to a Post Cure Uniformity (PCU) apparatus 
822. shown in Figure 8. to correct the uniformity char- 
acteristic. 

[0128] Based on the measured uniformity data from 
the uniformity testing machine, a programmable control- 
ler detenriines the operating (or "control") parameters 
for PCU apparatus to correct the uniformity character- 
istic. For example, a signal is generated by the controller 
which is indicative of at least the magnitude of correction 
desired and the angular location from an angular refer- 
ence location on the tire to be corrected. When the tire 
900 is delivered to the PCU apparatus 822, the orienta- 
tion of the tire may be ascertained relative to a known 
location on the apparatus. 

[0129] With the tire 900 properly located positioned 
and initially inflated, the PCU apparatus 822 is then fur- 
ther activated to assume the position illustrated in Figure 
8 with the restraint rings against the sidewalls. The PCU 
apparatus 822 includes at least one restraint ring 835a, 
and typically at least another restraint ring 835b, which 
is (are) brought into engagement with at least one cor- 
responding sidcwall 91 4 of the tiro 900. The number and 
shape of restraint rings 835a, 835b brought into engage- 
ment with the sidewall or sidewalls 914 of the tire 900 is 
detemnined as a function of the measured unifomnity da- 
ta. Correcting a typical uniformity characteristic includes 
inflating the tire 900 to a pressure above the recom- 
mended operating pressure of the tire while restraining 
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a portion of the sidewal! 914 as a function of the meas- 
ured uniformity data to control the distribution of the cor- 
rection around the tire 900. Reorienting, (reshaping, re- 
positioning, displacing, relocating) a portion of the rein- 
forccnnent ply 920 without pemnanentty stretching any 
reinforcement cord 921 beyond its elastic limits at dif- 
ferent locations around the tire 900 can correct the uni- 
formity characteristic of the tire. Permanent reshaping 
or reorientation reshaping or lengthening the reinforce- 
ment cord 921 is achieved by applying a force, such as 
with the air pressure in the tire 900. The distribution of 
the reorientation or reshaping is controlled by restrain- 
ing one or both of the sidewalls 914 of the tire 900 by 
an amount that varies around the circumference of the 
tire. This varying amount is a function of the uniformity 
charactensiic being corrected and other parameters. 
Restraint rings 835a. &35b can engage the sidewalis 
with different axial Displacements to impart a different 
radius of curvature lo the portion (not shown) of the car- 
cass reinforcca>cru cotds 921 in each of the sidewalls 
91 4; as shown in Figure 3A and discussed in more detail 
hereinbefore. The rcsirHini rings 835a, 835b are used 
preferably in conjunction wtth inflation pressure for cor- 
rection. The degree th.tt one or DOlh rings 835a, 835b 
are pressed into the ctdcw.«ii£ 914 of the tire being cor- 
rected provides dificfont levels of tension in different 
carcass reinforcing cords Q21 

[0130] A force ^ m^y t>r ^pphod lo the sidewall 914 
of the tire 900. a! a position whch is radially (with respect 
to the tire) slightly outward of the bead 902 to cause the 
carcass reinforcement piy 920 to press against the 
apexes 905 (which c^n be m the plastic states) causing 
the apex to yield jbend) or flatten (thin out) in response 
to the applied force F so :hal certain of the ply cords 
reorient themselves witn respect to each other and the 
bead 902. The force F is n\so sufficient to cause the por- 
tion of the carcass rcin'orcoment ply 920 adjacent the 
interior side of the bead 9C2 lo move by displacing out- 
ward, since the thermoplastic maierial of the carcass ply 

920 is defomiable at or above its deflection temperature. 
In other words, the thcn-iopiaslic material of the carcass 
material will also yield or f attcn in response to the ap- 
plied force F so that the remlorccment cords move clos- 
er to the bead. The temperature of at least the bead 902, 
the apex 905 ano the carcass p»y stock material (if it is 
also the special maicnai) m the toad portion 906 of the 
lire 900 should be at oi above itic dcricciion temperature 
of the thermoplastic maicnai This is accomplished by 
applying the force F to the lire 900 after the tire bead 
902 is heated with any ccsirca means such as induction 
heating, as described heroin before. A resulting reorien- 
tation of the displaced carcass reinforcement ply 920 
and/ or the resuHing yielded or flattened thermoplastic 
material of the apex 905 allows the reinforcement cords 

921 to reorient themselves lo either a more curvaceous 
or straighter location 

[0131] The reorientation or reshaping of the carcass 
reinforcing cords 921 will lend to be the dominant reac- 



tion of the reinforcement ply 920 in response to the ap- 
plied force F and will substantially supplant stretching 
and pennanent elongation of the reinforcement cords 
such as was described herein above with respect to Fig- 

5 ures 3, 3A, 4, 5 and 6. 

[0132] In addition lo the embodiment where only the 
reinforcement cords 921 are disposed in a matrix (or ply 
coating) of special material, as shown in Figure 9, there 
are illustrated and described, herein below, a number of 

10 non-standard tire constructions, and methods for cor- 
recting their uniformity characteristic which include spe- 
cial material in other locations, such as in the bead area, 
alone or in combination with the special material in the 
ply coating. 

'5 [0133] Figure 10 illustrates a bead portion 1006 of a 
pneumatic tire 1000 according to another embodiment 
of the present invention. The tire 1000 has a sidewall 
1014, an inner surface 1018, and an outersurface 1019. 
A bead 1 002 and an apex 1 005 are disposed in the bead 

20 portion 1 006. The bead 1 002 is typically an annular sub- 
stantially inextensible tensile member, comprising a plu- 
rality (nineteen shown) of steel filaments encased (or 
embedded) possibly in a matrix 1 003 of the special rub- 
ber material, such as a thermoplastic. The matrix 1003 

25 can project outward from the wires so that the circum- 
ference of the bead 1002 is the material of the matrix. 
A portion of a carcass reinforcement ply 1020 extends 
from the tread portion to the bead portion 1 006. The re- 
inforcement ply 1020 is elongate, and wraps partially 

30 around the bead 1 002 and the apex 1 005. as described 
herein above. The reinforcement ply 1 020 has a plurality 
of cords 1021 held together by the ply coating special 
material. The apex 1005 and the ply coaling stock can 
be the special material, as discussed with respect to the 

35 embodiment shown in Figure 9. Alternatively, the apex 
and ply coating stock can be of a standard, curable rub- 
ber material. The reinforcement ply 1 020 has a first por- 
tion 1020a (referred to as a "central" portion herein 
above) which is disposed on a one side of the bead 1 002 

-^0 toward the inner surface 1018 of the tire 1000 with re- 
spect to the bead 1002. and has an second portion 
("turn-up" end) 1020b which is disposed on an opposite 
side of the bead 1 002 toward an outer surface (left, as 
viewed) of the lire 1000 with respect to the bead 1002. 

^5 The reinforcement ply 1020 is shown wrapping around 
the bead 1002 from an interior (right, as viewed) side of 
the bead 1002 to an exterior (left, as viewed) side of the 
bead 1 002 so as to engage the apex 1 005, which is typ- 
ical of most tires. 

so [0134] In a manner such as was discussed herein 
above, the tire is tested on a tire uniformity testing ma- 
chine (not shown) using conventional means and the 
magnitude of the unifonnity characteristics, such as co- 
nicity and radial force variation, are compared to accept- 

55 able threshold limits. If the tire has uniformity character- 
istics magnitudes within a predetennined range that ar 
considered correctable, the tire is forwarded to a Post 
Cure Uniformity apparatus 822, as shown in Figure 8 for 
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correction of the uniformrty characteristic. 
[01 35] Once the tire is mounted n the Post Cure Uni- 
formity apparatus 822, a programmable controller (not 
shown) operably connected to the a tire uniformity test- 
ing machine and the Post Cure Unifonnity apparatus 5 
sets a variety of operating parameters according to the 
correction to be performed. For example, a signal is gen- 
erated by the controller which is a function of the mag- 
nitude of conrection desired and the angular location 
from a reference on the tire to be corrected. io 
[0136] With the tire 1000 properly positioned and in- 
flated, the PCU apparatus 822 is then further activated 
to assume the position illustrated in Figure 8 with the 
restraint rings against the sidewall of the tire. The PCU 
apparatus 822 includes at least one restraint ring 835a. is 
and typically at least another restraint ring 835b, which 
is (are) brought into engagement with at least one cor- 
responding sidewall 1014 of the tirelOOO. The number 
and type of restraint rings 935a, 935b brought into en- 
gagement with the sidewall or sidewalls of the tire 1 000 20 
is determined as a function of the type correction de- 
sired. Correcting a uniformity characteristic includes in- 
flating the tire 1000 to a pressure above the recom- 
mended operating pressure of the tire while restraining 
a portions of the sidewall as a function of unifonnity data 
to control the distribution of the correction around the 
tire. Reorienting or reshaping a portion of the reinforce- 
ment ply 1 020 without permanently stretching any rein- 
forcement cord 1 021 beyond its elastic limits at different 
locations around the tire 1 000 can correct the uniformity 30 
characteristic of the tire. Permanent reshaping or reori- 
entation or lengthening of a ply 1020 is achieved by ap- 
plying a force F, such as with the air pressure in the tire 
1000. The distribution of the relocation or reorientation 
is controlled by restraining one or both of the sidewalls 35 
of the tire 1 000 by an amount that varies around the cir- 
cumference of the tire. This varying amount is a function 
of the uniformity characteristic being corrected. Re- 
straint rings 835a, 835b can engage the sidewalls with 
different axial displacements to impart a different radius -^o 
of curvature to different portions (not shown) of the re- 
inforcement ply 1020 in each of the sidewalls 1014. as 
shown in Figure 3A and discussed in more detail herein 
before. The restraint rings 835a, 835b are used prefer- 
ably in conjunction with inflation pressure for correction. -^5 
The degree that one or both rings 835a,835b are 
pressed into the sidewalls 1014 of the tire 1000 being 
corrected provides different levels of tension in different 
reinforcement cords 1 021 . 

[0137] The force F may be applied to the sidewall so 
1 01 4 of the tire 1 000, at a position which is radially (with 
respect to the tire) slightly outward of the bead 1002 to 
cause the reinforcement ply 1020 to reorient itself with 
respect to the bead 1002. The force F is sufficient to 
cause th portion of th reinforcement ply 1020 adjacent 55 
the int rior side of the bead 1 002 to move by displacing 
outward, since the thermoplastic material 1003 is de- 
fomnable above its deflection temperature. Also the re- 



inforcement ply 1 020 adjacent the interior side of the 
apex 1005 can move by displacing outward, since the 
thermoplastic material of th apex materia! is also de- 
formable above its deflection t mperature. In other 
words, the thermoplastic material 1 003 of the bead and/ 
or that of the apex 1005 will yield or flatten in response 
to the applied force F The temperature of at least the 
bead 1 002, the matrix material 1 003 of the bead and the 
apex 1 005 and the carcass reinforcing stock material (if 
the fatter two are also the special material) in the bead 
portion 1 006 of the tire 1000 should be at or above the 
deflection temperature of the thenmoplastic material. 
This is accomplished by applying the force F to the tire 
1000 after the tire bead 1002 is heated with any desired 
means such as induction heating, as described herein 
before. A resulting reorientation ot the displaced rein- 
forcement ply 1020. and the resulting yielded or flat- 
tened thenmoplastic material 1003 and possibly that of 
the apex allows the reinforcement cords 1 021 to reorient 
themselves to either a more curvaceous or straighter lo- 
cation. 

[0136] The reshaping or reorientation of the carcass 
reinforcement cords 1021 will tend to be the dominant 
reaction of the reinforcement ply 1020 in response to 
the applied force F and will substantially supplant 
stretching and penmanent elongation of the reinforce- 
ment cords sjch as was described herein above with 
respect to Figures 3, 3A, 4, 5 and 6. 
[0139] One or more tire uniformity characteristics, 
such as. for example, radial force variation and radial 
runout may be corrected, without grinding, by exerting 
a force F. indicated by the arrow 1034, upon the rein- 
forcement ply 1020. at a position adjacent and radially 
(with respect to the tire) outward from the bead 1002. 
The force F is shown as being directed from the inside 
of the tire 1 000 to the outside of the tire, and is suitably 
applied by a tire uniformity correction apparatus (e.g. 
822). such as has been described herein above. 
[01 40] After correcting the uniformity characteristic of 
the tire 1000. the thermoplastic material of the various 
tire components, such as the bead and the apex, is reg- 
ulated or allowed to cool down, thereby prohibiting fur- 
ther movement of the reinforcement ply 1020 with re- 
soect to the bead 1002. 

[0141] Figures 11 A and 1 1 B illustrate a bead portion 
1152 of what is termed herein a "non-standard" con- 
struction of a tire 1150, according to the invention. A 
lower portion of the sidewall 1 1 54 is shown. A remain- 
ing upper portion of the sidewall 1154 is not shown, 
and a tread portion (compare 81 2) is not shown . A bead 
1102 is disposed in the bead portion 1152 of the tire 
1 1 50. The tiro 1 1 50 has an inner surface 1 1 58. an outer 
surface 1159. typically has an inner liner (not shown), 
and may be constructed according to any suitable tech- 
nique of the prior art, as a "bias", "bias/belted" or "ra- 
dial" tire. 

[0142] A carcass reinforcement ply 1160 ("reinforce- 
ment ply") having reinforcement cords 1161 extends 
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from the tread portion (not shown), through the sidewall 
1154, to the bead portion 1152. The reinforcement ply 
1160 is elongate, and wraps partialty around the bead 
1 1 02 and an apex 1 1 05, as described herein above. The 
reinforcement ply 1160 has a portion 11 60a which is dis- 
posed toward the inner surface 1 1 58 of the tire 1 1 50 with 
respect to the bead 1 1 02, and has an end portion ('lurn- 
up" end) 1 1 60b which is disposed toward an axially outer 
surface (left, as viewed) of the tire 1150 with respect to 
the bead 1002. 

[0143] For purposes of the ensuing discussion, there 
are three "landmarks" (points of interest) on the carcass 
reinforcement ply 1 1 60. A first point 1 1 60d is located on 
the reinforcement ply 1160 at a position which is radially 
(with respect to the tire's axis of rotation) outward of the 
bead 1002. A second point 1160e is located on the re- 
inforcement ply 11 60 at a position which is immediately 
adjacent a radially (with respect to the tire's axis of ro- 
tation) inwardmosl point on the bead 1102. A third point 
1160f is located at the distal end of the turn-up end por- 
tion 1160b of the reinforcement ply 1160. 
[0144] With particular reference to Figure 11 A, a 
quantity of thermoplastic material 1 1 62 is disposed be- 
tween the bead 1102, the apex 1105 (which may also 
be of the generally same formulation of thenmoplastic 
material) and an adjacent portion of the reinforcement 
ply 1 1 60. As illustrated in Figure 1 1 A, the thermoplastic 
material 1162 may initially be in the form of a "blob" 
(dollop), as viewed in cross-section, disposed on an 
inward (toward the inner surface 1 1 58) side of the bead 
1102. In the "fu(r (rather than cross-section tire) tire, 
the material 1162 would take the form of an annular 
ring of material extending adjacent the annular bead 
1102. disposed toward the opposite bead (not shown) 
of the tire. 

[01 45] A force F 1 1 34 may be applied to the sidewa!! 
11 54 of the tire 1150, at a position which is radially (with 
respect to the tire) slightly outward of the bead 1102 to 
cause the reinforcement ply 1160 to reorient itself with 
respect to the bead 1102. The force F is sufficient to 
cause the portion of the reinforcement ply 1 1 60 adjacent 
the interior side of the bead 1102 to squeeze the ther- 
moplastic material 1162 and move outward, since the 
thermoplastic material 1162 is plastic above its deflec- 
tion temperature. The thermoplastic material 1162 will 
flanen in response to the applied force F, as shown in 
Figure 11 B. The temperature of at least the bead 1 1 02, 
(and the matrix material of the bead, the apex and the 
carcass ply reinforcing stock material if either are of the 
special material) in the bead portion 1 1 52 of the tire 1 1 50 
should be at or above the deflection temperature of the 
thermoplastic material. This is accomplished by apply- 
ing the force F 1134 to the tire 1150 after the tire bead 
1102 is heated with any desired means such as induc- 
tion heating, as described herein before. The resulting 
flatt ned thermoplastic material 1162 allows the rein- 
forcement cords 1161 to become straighter or possibly 
reorient themselves to a more curvaceous location. 



Themnoplastic material moves circumferentially around 
the tire from the location that it is flattened under the 
force F to an adjacent location that is not being pressed 
by force F. The thermoplastic material 11 62 at the loca- 

5 tion not under force F then swells and causes the rein- 
forcement cords 1161 over it to become more curved. 
In summary, the cords 1161 near the force F become 
straighter, and the adjacent cords become more curved. 
Note that the blob of material 1162 can press into the 

10 apex 1105 and in fact the apex can also be squashed 
from the application of the force to enhance the amount 
that the reinforcement cords 1161 can move and reori- 
ent themselves to either a more curvaceous or straighter 
location. 

15 [0146] The reshaping or reorientation of the carcass 
reinforcing cords 1161 will tend to be the dominant re- 
action of the reinforcement ply 11 60 in response to the 
applied force F and will substantially supplant stretching 
and permanent elongation of the reinforcement cords 

20 such as was described herein above with respect to Fig- 
ures 3. 3A, 4, 5 and 6. 

[01 47] After correcting the uniformity characteristic of 
the tire 1000. the thermoplastic material 1003 is regu- 
lated by allowing it to cool down, thereby prohibiting fur- 
^5 ther movement of the reinforcement ply 1060 with re- 
spect to the bead 1002. 

[0148] Figure 12 illustrates a bead portion 1274 of 
an alternate embodiment of a "non-standard" construc- 
tion of a tire 1270 (compare 800), according to the in- 
30 vention. 

[01 49] In a manner simitar to that described for the tire 
900. only a lower portion of the sidewall 1273 is shown. 
A remaining upper portion of the sidewall 1273 is not 
shown, and a tread portion (compare 812) is not shown. 

35 A bead 1202 (compare 802) and an apex 1205 are dis- 
posed in the bead portion 1 274 of the tire 1 270. The tire 
1270 has an inner surface 1275, an outer surface 1276, 
typically has an inner liner (not shown) , and may be con- 
structed according to any suitable technique of the prior 

-^0 art, as a "bias", "bias/belted" or "radial" tire. A carcass 
reinforcement ply 1278 having reinforcement cords 
1281 extends from the tread portion (not shown), 
through the sidewall 1 273, to the bead portion 1 274. The 
reinforcement ply 1278 is elongate, wraps partially 

^5 around the bead 1 202 and the apex 1 205, has a portion 
1278a disposed toward the inner surface 1275 of the 
tire 1270, and has an end ("turn-up") portion 1278b. 
Three points of interest are shown on the reinforcement 
ply 1278; a first point 1278d at a position which is radially 

50 outward of the bead 1 202 ; a second point 1 278e imme- 
diately adjacent a radially inwardmost point on the 
bead1202; and a third point 1278f located at the distal 
end of the turn-up end 1278b. 

[0150] A quantity of thermoplastic material 1280 
55 ("thermoplastic layer") is disposed at least partially 
around the bead 1202. The thenmoplastic material is 
rendered plastic by being heated above its deflection 
temperature and rendered nonplastic by being cooled 
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below its deflection temperature, which, in turn, respec- 
tively permits and restricts reorientation of adjacent re- 
inforcement cords 1281. As illustrated, the thermoplas- 
tic layer 1 280 is in the form of a layer having a thickness 
which is a fraction of a cross-dimension (e.g., diameter) 5 
of the bead 1202, and extends from an outward point 
(10 O'clock position, as viewed) on the bead 1202, past 
the bottom half (through the 6 O'clock position, as 
viewed) of the bead, to an inward point (2 O'clock posi- 
tion, as viewed) of the bead 1202. In other words, the io 
thermoplastic layer 1280 extends approximately 3/4 of 
the way around the external surface of the bead 1202, 
without covering the top (radial outwardmost portion) of 
the external surface of the bead 1202. However, it is 
within the scope of the invention that the thermoplastic is 
layer 1 280 can extend all the way around the surface of 
the bead 1002. thereby "enveloping" the bead in a 
sheath of thermoplastic, in which case the thermoptasitc 
layer would look like a ring concentric with the bead in 
the cross-sectiorMi vtew of Figure 1 2. It is preferable that 20 
the thermoplastic Inycr 1280 extend sufficiently around 
the external surtrtcc of ihc bead 1202 so as to be inter- 
posed between \hc reinforcement ply 1 278 and the bead 
1202, preferably pr everting any direct contact between 
the two. 25 
[01 51 ] In a manno* stmiUr !o the method of correcting 
a unrfomnity cnHractcnsiic o( the tire 1150, described 
herein above one or m->fo uniformity characteristics of 
the tire 1270. such as for CKanplo. radial force variation 
and radial runout mny bo cofreclcd. without grinding, by 30 
exerting a force F. indicr-.tcd by the arrow 1 234 (compare 
1 034), upon the rotnlorccn-cn: ply 1 278, from inside the 
tire at a position ftdjrtccii and radially outward from the 
bead 1202, utilizing a ire uniformity correction appara- 
tus (e.g., 822) As in ihc previous example, the force F 35 
is applied to the lire with the iro reheated, as described 
herein above, so that inc ihcmioplastic material 1280 
will be in a plastic imaticablo f lowable, deformable) con- 
dition. In this example when the bead 1202 is hot. the 
force F will cause the ponion of the reinforcement ply 40 
1278 which is wrapped around the bead 1202 to "slip" 
around the bead or scuoc/c the thermoplastic layer 
1280 so that it moves closer to the bead, since the ther- 
moplastic maienal 12«C is dciormable above its deflec- 
tion temperature In other words when heated above its -^5 
deflection temperature inc ihcnnoplastic layer 1 280 will 
yield and act like a "luUttcr.ni" to facilitate movement or 
reorientation of the fcmtorccmcni ply 1278 with respect 
to the bead 1 202 In otnor words, the thermoplastic ma- 
terial 1280 will yield in response to the applied force F. so 
as shown in Figure ^2 The temperature of at least the 
bead 1 202, (and the matrix material of the bead and the 
carcass reinforcing ply slock material if either are of the 
special material) in the bead portion 1274 of the tire 
1270 should be at or above the deflection temperature 55 
of the thermoplastic maiona! This is accomplished by 
applying the force F 1234 to the tire 1270 after the tire 
bead 1202 is heated with any desired means such as 



induction heating, as described herein before. The rein- 
forcement cords 1 281 slipping around the bead 1 202 or 
the thermoplastic layer 1280 flattening (as in previous 
embodiments) can lengthen or loosen selected rein- 
forcement cords to correct a uniformity characteristic. In 
addition, the material of the apex can also be the ther- 
moplastic as previously discussed. Note that the mate- 
rial 1280 can press into the apex 1205. and the apex 
can also be thinned by the force F to enhance the 
amount that the reinforcement cords 1281 can move 
and reorient themselves to either a more curvaceous or 
straighter location. 

[0152] The movement or reorientation of the rein- 
forcement pty 1278 and/or its reinforcement cords 1 281 
will tend to be the dominant reaction of the reinforce- 
ment ply in response to the applied force F and will sub- 
stantially supplant stretching and permanent elongation 
of the reinforcement ply such as was described herein 
above with respect to Figures 3. 3A, 4, 5 and 6. 
[0153] Selected portions of the tire 1270. such as the 
bead portion 1274 may be heated (such as with a heat 
coils 834a.834b) to selectively pemnit movement in the 
selected portions. Furthermore, selected portions of the 
bead 1 202 can be heated to render plastic only selected 
reinforcement cords 1281 (those cords that are near the 
bead's heat area). The force F 1234 for moving the tire 
component may be applied by a combination of me- 
chanical elements and inflation air (e.g. over-inflation) 
pressure, as described herein above. A suitable tech- 
nique for selectively heating the themoplastic material 
1280 is inductively heating the bead 1202 with electro- 
magnetic energy, thereby raising the temperature of the 
thermoplastic material 1280 and that of the apex 1205 
if appropriate to at least their deflection temperature, 
without causing a comparable temperature change in 
other portions and components of the tire 1270. 
[01 54] After correcting the uniformity characteristic of 
the tire 1270. the thenmoplastic material is allowed to 
cool down, thereby prohibiting further movement of the 
carcass reinforcement ply 1278 with respect to the bead 
1202. 

[0155] Figure 13 illustrates a bead portion 1386 of an 
alternate embodiment of a "non-standard" construction 
of a tire 1384. according to the invention. 
[01 56] In a manner similar to the tire 1 270, only a low- 
er ponion of the sidewall 1385 is shown. A remaining 
upper portion of the sidewall 1385 and a tread portion 
(compare 1 1 0) are not shown. A bead 1 302 and an apex 
1305 are disposed in the bead portion 1386 of the tire 
1 384. The tire 1 384 has an inner surface 1 387, an outer 
surface 1388. typically has an inner liner (not shown), 
and may be constructed according to any suitable tech- 
nique of the prior art, as a "bias", "bias/belted" or "radial" 
tire. A carcass reinforcement ply 1389 (compare 1278) 
having reinforcement cords 1 381 extends from the tread 
portion, through the sidewall 1385. to the bead portion 
1386. The reinforcement ply 1389 wraps partially 
around the bead 1302 and the apex 1 305. has a portion 
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1389a disposed toward th inner surface 1387 of the 
tire 1384. and has an end Ctum-up") portion 13B9b. 
Three points of interest ar shown on the carcass rein- 
forcing member 1389: a first point 1389d at a position 
which is radially outward of the bead 1302; a second 5 
point 1 389e immediately adjacent a radially inwardmost 
point on the bead 1302; and a third point 1389f located 
at the distal end of the turn-up end 1389b. 
[0157] Whereas in the previously-described tires 
11 50 and 1270. a quantity or layer of thenmoplastic ma- 
icrial 1 1 62. 1 280 was disposed adjacent or at least par- 
tially around the bead 1102,1202, In both cases being 
interposed between at least a portion of the reinforce- 
ment ply 1160 1278 and the bead 1102,1202, to permit 
movement or reorientation of the carcass reinforcing '5 
cord 1161. 1281 with respect to the bead 1102, 1202, in 
the tiro 1384 at least a portion of the entire bead portion 
1 386 or the ttrc IS lormed of thermoplastic material 1 390 
including incv irtbly. al least some small amount, includ- 
ing rimoleculrii iriycr of thermoplastic material interpos- 20 
inq Itself (not shDwn) between the reinforcement ply 

1389 and the bc^d 1302, preferably preventing any di- 
rect con.ac: between the two and acting as a "lubricanr 
to (.iciiii.itc movement, reorientation, or slippage (as 
provou£»y dtscussod) of the carcass reinforcing cords ^5 
1391 with rospoc: to the bead 1302. 

[0158] In H nannor similar to the methods of correct- 
inf} a uniformity characteristic of the tires 11 50 and 1270, 
dcscnbcd heroin above, one or more uniformity charac- 
lo'istcs of the tire 1384. such as, for example, radial 30 
foxc vanation and radial runout may be corrected by 
exerting a force F. indicated by the arrow 1 334. upon the 
carcass reinforcing member 1389, from inside the tire 
al a position aojaccnt and radially outward from the bead 
1302. utilizing a \.xo uniformity correction apparatus (e. 35 
g. 822). As in the previous example, the force F is ap- 
plied to the tire with the bead portion 1386 of the tire 
being reheated, so that the thermoplastic material 1390 
will be in a plastic condition. Resulting movement, reo- 
rientation or slippage of at least a portion of the carcass -^o 
reinforcing cords 1391 with respect to the beads 1302 
will tend to be the dominant reaction of the carcass re- 
inforcing member 1389 in response to the applied force 
F. This can result in the plastic thermoplastic material 

1390 allowing the reinforcement cords 1391 to reorient -^5 
themselves to become either a more curvaceous or 
more straight. 

[0159] After correcting the uniformity characteristic 
of the tire 1384, the thermoplastic material 1390 is al- 
lowed to cool down, thereby prohibiting further move- 50 
ment or reorientation of the carcass reinforcing cords 
1391. 

[0160] In all the embodiments of the invention, in or- 
der to facilitate manipulating (moving) a carcass rein- 
forcing member with respect to a bead, at least a por- 55 
tion of the tire adjacent the bead, or a portion of the 
bead itself, is formed with a material whose mechanical 
properties can be controlled or regulated to selectively 



pennit or restrict displacement and/or slippage) of the 
carcass reinforcing member with respect to the bead. 
Thennoplastic is an example of such a material. A ther- 
moplastic material is plastic above Its "deflection" tem- 
perature, and exhibits non-plastic mechanical proper- 
ties when its temperature is below the its deflection 
temperature. 

[0161] It is within the scope of this invention that ad- 
ditional mechanisms can be provided to control move- 
ment of the reinforcement plies 920,1020,1160, 
1278,1389. A belt restraint ring (not shown, compare el- 
ement 336 in Figure 3A) may optionally be provided in 
contact with the tread portion 812 to keep the tire from 
expanding in the radial direction during manipulation. 
[01 62] It is generally preferred that the techniques de- 
scribed herein above with regard to manipulating a tire 
component so that at least a portion of the tire compo- 
nent is reoriented, moved (displaced, slipped) be per- 
formed with the tire, or at least a portion thereof, hoi after 
being reheated after cooling down. A technique wherein 
tire uniformity is controlled either with the tire hot, or re- 
heated may be found in EP-A- 0 888 872 which disclos- 
es a method for controlling tire unifomnity and post-cure 
inflation apparatus. A post cure inflation is carried out in 
a state in which the position of a tire which corresponds 
to the peak portion of the measured radial runout of the 
tire whose internal portion is in a high temperature state 
after vulcanization is restrained or in a state in which the 
position between bead portions of the tire (compare, e. 
g.. the aforementioned US-A- 3.039.839). which corre- 
spond to the peak portion of the measured radial runout 
of the lire whose internal portion is in a high temperature 
state after vuteanization is held at a minimum width. As 
a result, the tire after vulcanization can be formed in an 
appropriate configuration, (see Abstract). As noted 
therein, the technique can be carried out immediately 
after vulcanization, for example, between 0-10 minutes 
after vulcanization, and can also be carried out when 
the tire is again heated thereafter to at least 80 degrees 
Celsius which is the same as the tire immediately after 
vulcanization, and more preferably, 120-180 degrees 
Celsius, (page 5, lines 43-53). The process controls the 
length of the cord member between the bead portions, 
thereby controlling the tire configuration after post cure 
inflation. 

[0163] In a variation of the present invention, heal 
might be applied to a localized region of an unvulcanized 
tire, below its vulcanization temperature, immediately 
prior to vuteanizing of the tire in a mold, to relieve local- 
ized or nonuniform cord stress. For the same reason, 
the green tire might be heated in the mold for a short 
period of time before pressure is applied. 
[0164] The thermoplastic materials for use in this in- 
vention can be sulfur vulcanizable (i.e. diene-based) or 
semi-sulfur vulcanizable (having a limited number of sul- 
fur vulcanizable sites) or not sulfur vulcanizable. Two or 
more different thermoplastic mat rials may be mixed to- 
gether or disposed in or near each other in the same tire 
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region. Also, two or more different thennoplastic nnate- 
rials may be used in different tire regions. The themno- 
plastic materials are select d to exhibit a deflection tem- 
perature of less than 1 90 degrees C and preferably be- 
tween 30 degrees C and 1 90 degrees C and more pref- 5 
erably between 121 degrees and 190 degrees C. 
[0165] An example of a sulfur vulcanizable thermo- 
plastic for use with this Invention is a syndiotactic 
1 ,2-polybutadiene (SPBD) that normally has more than 
65% of Its monomeric units in a syndiotactic 1 ,2-config- w 
uration, as described in US-A- 5,058,647. A related ref- 
erence Is US-A- 4,790.365. Another sulfur vulcanizable 
thenmopfastic for use with this invention is a trans-poly- 
octenamer These elastomers can be used alone or as 
a mixture with other diene-based elastomers and/or res- is 
ins which are hereinafter described. 
[0166] Semi-sulfur curable resins might be AB and 
ABA block copolymers, where A represents blocks of 
polystyrene, poly(alphamethyl styrene) or po!y(i-bulyl- 
styrene), and B represents blocks of either polyiso- 20 
prene or polybutadiene. Such block co-polymers may 
be, for example. SBS or SIS block copolymers, as de- 
scribed in US-A- 5,756,589. Semi-sulfur curable resins 
would normally be used in a mixture with sulfur curable 
diene-based elastomers, such as In a range of 5-95 ^5 
phr and preferably 10-40 phr of the resin in the elas- 
tomer(s). 

[0167] Nondurable resins for use with this invention 
might be polymers of alphaolefins such as polyethylene, 
polypropylene, polybutene and copolymers of alphaole- 30 
fins with minor amounts of other mono-olefins such as 
1 -hexene and 1 -octene. Other non-curable resins might 
be hydrocarbon, phenol/acetylene and rosin derived 
resins. Such resins are described in US-A- 5,901,863. 
Non-curable resins might be used as a blend in mixtures 35 
of conjugated diene based sulfur curable elastomers in 
the amount of, for example, 5-25 phr. 
[0168] The invention has been illustrated and de- 
scribed in a manner that should be considered as ex- 
emplary rather than restrictive in character, it being un- ^0 
derstood that only preferred embodiments have been 
shown and described, and that all changes and modifi- 
cations that come within the spirit of the invention are 
desired to be protected. Undoubtedly, many other "var- 
iations" on the techniques set forth herein above will oc- ^5 
cur to one having ordinary skill in the art to which the 
present invention most nearly pertains, and such varia- 
tions are intended to be within the scope of the invention, 
as disclosed herein. 



Claims 

1. A method of correcting on or more tire uniformity 

characteristics of a pneumatic tire (700) having a 55 
pair of spaced beads (702) and at least one carcass 
reinforcement ply (720); the reinforcement ply hav- 
ing r inforcement cords; the method being charac- 



terized by the following steps: 

A) fomning a portion of the tire with a material 
that can be rendered plastic and rendered non- 
plastic, which, in turn, respectively pennits and 
restricts reorientation of reinforcement cords; 

B) rendering the material plastic, after the tire 
has been at least partially vulcanized, to penmit 
one or more of the reinforcement cords to be 
reoriented; 

C) reorienting one or more reinforcement cords 
with respect to other reinforcement cords or 
components; and 

D) rendering the material nonplastic, to restrict 
further reorientation of adjacent reinforcement 
cords. 

2. Method, according to claim 1 , characterized in that 
the step of reorienting one or more reinforcement 
cords (721) includes reorienting the cords without 
their being stretched beyond their elastic limits. 

3. Method, according to claim 2, characterized in that 
the step of rendering the material plastic includes 
the step of heating the material above a deflection 
temperature: and the step of rendering the material 
nonplastic includes the step of cooling the material 
to below the deflection temperature. 

4. Method, according to claim 1 , characterized in that 
the step of reorienting the one or more reinforce- 
ment cords (721) includes reorienting the one or 
more reinforcement cords with respect to a com- 
ponent other than the reinforcement cords of the 
tire. 

5. Method, according to claim 1 . characterized in that 
the step of reorienting the one or more reinforce- 
ment cords (721) includes the step of applying a 
force (F) to a sidewall (714) of the tire to reorient the 
one or more reinforcement cords. 

6. Method, according to claim 3, including the step of 
selecting the material wherein the material has a 
deflection temperature of less than 1 90 degrees C. 

7. Method, according to claim 1 , further including the 
steps of measuring one or more tire uniformity char- 
acteristics of the tire (700): and permanently reori- 
enting the portions of the one or more reinforcement 
cords (721) without their being stretched beyond 
thoir clastic limits in response to the measured one 
or more tire uniformity characteristics. 

8. A tire comprising a tread portion (720), a bead por- 
tion (706) having a sidewall (714), and a carcass 
reinforcement ply having reinforcemeni cords 
(721 ): the tire characterized in that the bead portion 
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has a materia) that can be render d plastic and ren- 
dered non-plastic to respectively permit and restrict 
reorientation of one or more reinforcement cords 
relative to other reinforcement cords (721) or com- 
ponents of the tire without stretching the cords be- 5 
yond their elastic limit after the tire has been at least 
partially vulcanized. 

9. Tire, according to claim 8, characterized in that the 
material is a thermoplastic. w 

10. Tire, according to claim 9, characterized in that the 
thennoplastic material has a deflection temperature 
of between 30 degrees C and 190 degrees C. 
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